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THE SEVENTH ANNUAL CONVENTION 


REPARATIONS for the 1925 Convention and Exposition this 
P vear in Cleveland have practically been completed, and every- 
thing is in readiness for the reception of members of the Society 
and their guests. 

Conventions of the A. 8. 8. T. have been increasing in prom- 
inence and value from year to year, and 1925 offers no retrogres- 
sion from previous standards of progress. 

The ineeption of efficiency in business, which dates back, 
perhaps, a quarter of a century, has had a decided effect on con- 
ventions. It has elevated them to the position of being one of 
the most effective means of disseminating information on the 
progress of any particular industry or field of endeavor. It is 
of great value to the men who gather from all portions of the 
country representing the same lines of industry, mingling with 
one another, exchanging personal experiences, in their particular 
business fields, determining at first hand the types of men who 
represent that industry in other localities; establishing recipro- 
cal relationships, one with the other, to join together their com- 
mon business ties, and receiving the inspiration which cannot 
help but follow the successful gathering of a group of business 
and professional men out to learn something for the improvement 
of their business. 

Other details of the convention are published in this issue of 
TRANSACTIONS, and should be perused with great care by the 
entire membership. 

}o not hesitate to extend invitations in your name to others 
to come and participate in the events of the week of September 
14. They will be weleome, whether members of the Society or not. 
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Our Seventh Annual Convention and National Steel bx po; 
tion will be as our other Conventions and Expositions in the pag 
a contribution by the Society to the advancement of the ir 
steel industry. 


ind 


THE EXPOSITION 


if Bakers exhibitors for the National Steel Exposition will ocey 
the entire space offered by the Cleveland Publie Audit 
This will be the largest exposition the Society has ever held, ay 


4, 


Y 
Pv) 


vlumM, 


in fact, the largest exposition of its kind ever held in the world. 

There will be on display products of the metal workine ani 
metal treating industry. (1) Steel from the raw material to th, 
form in which it is purchased will be shown by steel manufacturers 
(2) In the machine tool section, 85 manufacturers will have thei 
equipment in operation, under factory and production conditions 
(3) After the steel is fabricated, it will then be shown in the heat 
treating department and all of the most important and tip t 
date manufacturers of heat treating equipment and materials will 
have their products on display. (4) From the heat treating de 
partment, the steel then goes to the inspection department, and 
inspection tools and equipment will be shown by numerous mai 
ufacturers. 

It may easily be said that no other exposition is so educa 
tional or so complete, showing the raw material to the finished 
product. No other exposition offers such an exceptional oppor 
tunity to see all of the related lines in the metal working and 
metal treating industry. Last year at Boston, the Exhibition was 
visited by 43,000 individuals. 














This National Steel Exposition is one of the many worth 
while services of the A. S. S. T. to the industry. Everyone 1s 
welcome whether a member or not. 


Reduced Railroad Rates 







The railroads have again granted fare and one-half rates (0! 
the round trip, on the identification certificate plan. The certifi 
cate is presented when ticket is purchased and it will entitle the 
bearer and his family to a round trip ticket at the cost of fare 
and one-half. Tickets may be purchased from September 10 t 
16, inclusive, the return limit being midnight of September 24 
1925. According to a new ruling, these certificates may be ssued 
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onlv to members of the Society. All members will receive certifi- 
eates in due time. 





direction of Professor and Mrs. H. M. Boylston. 
for the ladies will be at the Cleveland Hotel. The tentative pro- 
cram of events is as follows: 
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Ladies’ Entertainment 


[he Ladies’ Entertainment Committee will be under the able 


Headquarters 




















Monday—September 14 


Luncheon—Hotel Cleveland. 





Tuesday—September 15 





Drive to Nela Park, going out through 
the parks and Bratenahl and returning 
through the Heights in the afternoon. 
Luneheon will be served at Nela Park, 
after which the ladies will be shown the 
house lighting exhibit and _ other 
features of interest. 

























Evening—Theater Party. 
Wednesday—September 16 


In afternoon, entertainment at Women’s 
Club. 


In evening, Dance at Hotel Cleveland. 





Thursday—September 17 


In 





automobile ride 
through west side, possibly returning 
through industrial district over the 
Pershing Avenue Viaduct. In the even- 
ing, Banquet at Hotel Cleveland. 


afternoon, short 

















Men’s Entertainment 





"he Men’s Entertainment Committee, under the leadership of 
W. F. Abel, has arranged a very enjoyable schedule of entertain- 


ment. ‘The numerous Country Clubs will be glad to assist by mak- 
ing their 











golf courses available to those desiring to play. On Tues- 
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day evening, the annual Smoker will be held; on Wednesda: 
ing, the Dance and the Banquet on Thursday. 


Hotels 


Reservations should be made directly with the hotel n 


ment. Three thousand rooms have been placed at the dispos: 


the Society. It is urged that reservations be made earl) 
Cleveland Hotel will be the headquarters, while the Hol! 


Statler, Winton, Olmsted and Murphy are all in close proxin 


the Public Auditorium, where the Exposition will be held. 


making reservations, state time of arrival and rate you des 


pay, and request the hotel to acknowledge your reservations 


List of Cleveland Hotels 


Hore, CLEVELAND 
(F. L. Bonneville, Asst. Mgr.) 


CONVENTION HEADQUARTERS 
(All rooms with bath) 


Single rooms....... $3.00, $3.50, $4.00, $4.50, $5.00, $6.00, $ 7.00 and 
Double rooms 5.00, 5.50, 6.00, 6.50, 7.00, 8.00, 9.00 and 


Double rooms—Twin beds .. 7.00, 8.00, 9.00, 10,00, 12.00. 
Suites—one person..... $12.00 andup Suites—three persons. . .$20.0 


Suites—two persons .... 14.00andup Suites—four persons... 22.()( and 


WINTON HOTEL 
(R. M. Lewis, Asst. Mgr.) 
(All rooms with bath) 
Single rooms 
Double rooms 
Double 
Suites 


STATLER HOTEL 
(H. F. Dugan, Asst. to Mgr.) 
(All rooms with bath) 
Single rooms—inside or court .............. eee ee cece eens fa.00 
Double rooms—inside or court 4.50 
Double rooms—Twin beds—inside or court 5.50 
Single rooms—outside .00 
Double rooms— outside 5.50 
Double rooms—Twin beds—outside 7.50 


HOLLENDEN HOTEL 
(Theo. DeWitt, Mgr.) 
(All rooms with bath) 

Single rooms— inside 

Double rooms—inside 

Single rooms—outside 

Double rooms—outside 

Double rooms—twin beds 

Suites 
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OLMSTED HOTEL 
(H. G. Ganson, Mgr.) 


(All rooms with bath) 







Single rooms with shower or tub .................0.2+2004++ $2.00 to $3.00 
Do ipl TOOTS *. 66 6b OO COS 6.016 6666640 +O HTHSHESH SOO HOO Wes SHO 4 4.00 to 6.00 
Double roomne SW BNE Aes b 6 adhe od ce reach cence ceeds cmnseess 6.00 


Nouble rooms—double and single beds 





cede adhaitekmvas4see aanate @ ass 7.50 


MuRPHY’S HOTEL 
(W. L. Murphy) 










i ll. i a ee 
Single roommD WEiin odie 6 uo) 6-0. Khrone: 60 6 Hee be wah ee 2.50 to $3.00 
Double TOCeRe WHERE o:cln. wok tikes.» clare Udo acs ey ene bee od 3.50 
Double roeenm Wien 6k ors Wb oa od etewk oka 60 wk pane se 5.00 


vith 2 double beds with bath 


Technical Papers 











The technical papers program of the annual Convention of the 
\. S. S. T. has been prepared through much effort, the papers 
being of high ealiber and presenting the latest advances in re- 
searches and investigations of metals. Recognized technical men 
of the industry will present new and worth while ideas. It 
is important that you hear these papers and join in the discus- 
sions. A partial list of the papers which will be presented follow. 


Effect of Cold-Work on Endurance and Other Properties of Metals—D. J. 
McAdam, Jr., metallurgist, U. 8. Naval Engineering Experiment Station, 
\nnapolis, Md, 

hat Happens When Metal Fails by Fatigue—Prof. H. F. Moore, in charge of 
Investigation of Fatigue of Metals, University of Illinois, Urbana, IIl. 

Oil Burning Equipment for Industrial Furnaces—W. H. Mawhinney, engineer- 
ing department, General Furnace Co., Philadelphia. 

Effect of Reheat on Cold Drawn Bars—S. C. Spalding, metallurgist, Haleomb 
Steel Co., Syraeuse, N. Y. 

Velding Steel Tubing and Sheet with Chrome Molybdenum Welding Wire— 
I’. T. Siseo and H. W. Boulton, metallurgist and test engineer, Engineer- 
ing Division, Air Service, War Department, MeCook Field, Dayton, Ohio. 
(rraphitization at Constant Temperature—H. A. Schwartz, manager of research, 

National Malleable and Steel Castings Co., Cleveland. 

Comparative Slow-Bend and Impact Notched Bar Tests on Some Metals—S. N. 
Petrenko, Bureau of Standards, Washington, D. C. 

[ron and Steel Cracks and Warps—John F. Keller, engineering ex- 
nsion specialist, Purdue University, Lafayette, Indiana. 

Vature of Certain Low-Tungsten Tool Steels—M. A. Grossmann, metal- 

vical engineer, United Alloy Steel Corp., Canton, Ohio, and E. C. Bain, 

irgist, Union Carbide & Carbon Research Laboratories, Long Island, 


















lu 








cal Composition of Tool Steels—J. P. Gill, metallurgist, and M. A. 
Vanadium-Alloys Steel Co., Latrobe, Pa. 
on by Solid Cements—W. E. Day, Jr., metallurgist, International 
Co., New Brunswick, N. J. 
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Irregular Carburization—Its Causes and Preventions—W. J. Merten, 
and process engineering department, Westinghouse Electric & M: 
ing Co., East Pittsburgh. 

Alloy Steels for Engineering Purposes—B. D. Saklatwalla, vice-pres 
H. T. Chandler, Vanadium Corporation of America, Bridgeville, | 

Report Relating to the Effect of Mass on the Quenching of Ste: H 
French, physicist, and O. Z. Klopsch, associate physicist, B 
Standards, Washington, D. C, 

Some Factors Affecting Coercive Force and Residual Induction of Some \ 
Steel—J. R. Adams, superintendent, research, department, a: 
Goeckler, assistant superintendent, heat treatment, Midvale Co., 
Philadelphia. 

Dilatometric Method of Heat Treatment—O. E. Harder, professor of met 
graphy; R. L. Dowdell, instructor of metallography and Mr. Forsy 
University of Minnesota, Minneapolis, Minn. 

Interpretation of Notched Bar Impact Test Results—Paul Heymans, Mass 
chusetts Institute of Technology, Cambridge, Mass. 

Residual Austenite—Dr. J. A. Mathews, vice-president, Crucible Steel | 

pany of America, New York City. 














Hardness Testing Symposium 


The work of the Hardness Testing Committee of the Nationa 
Research Council has recently been turned over to the A. S. 8 





















The same committee that accomplished such excellent results under 
the National Research Council will continue the work with th 
A. S. 8S. T. As has been done the last four years, this committ 
will again hold a Hardness Testing Symposium during the annua 
Convention. This meeting has always been well attended and has 
proved very satisfactory. Six formal papers are at present 
scheduled for presentation at this session. 


Symposium on Metallurgical Education 





Inasmuch as the subject of metallurgical edueation is of gr 
interest to the members of the A. 8. 8. T., a symposium will agai! 
be held this year during the week of the Convention.  [lowever, 
it will. take place in the form of a luncheon conference, being 
under the able direction of Dr. A. E. White, director of thi 
department of engineering research of the University of Michigar, 
and past president of the Society. 


S. A. E. Production Meeting 


The Production Meeting of the S. A. E. will be held 
Cleveland during the week of the Convention of the A. S. 5. /. 
and National Steel Exposition, September 14 to 18. All member 


of the S. A. E. will receive certificates from their headquarte’ 
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entitling them to fare and one-half for the round trip 
railroads. Arrangements for this meeting are being made 4} ; 
present time. The tentative program includes technical ~ ss), 
on Monday, Tuesday and Wednesday, as well as a banque. /\, 
Winton Hotel will be the headquarters for the S. A. E., aud 4 
technical sessions to be held in the Rainbow Room. 

The Cleveland Committee for the S. A. E. Production \{o. 
ing is under the direction of John Younger, 2010 East 102), 
Street, who will co-operate with the A. S. S. T. and the featur 
of entertainment for the men as well as the ladies appl) 
members of the 8. A. E. also. 

Some of the subjects to be discussed at the Production \[ee 
ing will be: 

Foremanship Training; Employee Training; Economic stu 
of Machine Tool Equipment; What to Purchase, and What +! 
Automotive Industry Needs in Machine Tools; Session on She 
Steel; Production Methods in the Heat Treating Department 


This is an excellent opportunity to attend the Production 
Meeting as well as to visit the National Steel Exposition. This 


combination will no doubt make a new record of attendance for 
the S. A. E. Production Meeting. 


A. S. M. E. 





The A. 8S. M. E. has been authorized to take part in th 
A. §. S. T. Convention; consequently they will hold a session on 
Machine Shop Practice, which will be contributed by the Machin 
Shop Practice Division of the A. S. M. E. The editor of the 
American Machinist, F. H. Colvin, has been appointed to secure 
papers on machine shop and machine shop practice. The session 
will take place on Thursday afternoon at the Hollenden Hotel 


Manufacture of Steel 


The A. S. S. T. will hold a technical session devoted to the 
manufacture of steel, which will consist of four papers, one ser’ 
ing as an introduction, showing the relationship of the total pro 
duction of steel to the proportion heat treated. The other tliree 
papers will be on the following subjects: Basic Open Heart! Acid 
Open Hearth and Electrie Furnace Steel. C. J. Stark, editor o! 
Iron Trade Review, will present the first paper on proportion © 


heat treatment to production. The subject of Acid Open Hearth 
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and Edward Whitworth of the Bourne-Fuller Company will pre- 


sent the paper on Basie Open Hearth Steel. The subject of electric 
furnace steel will be presented by F. T. Sisco of the Air Craft 
Service, MeCook Field, Dayton. 











EDITORIALS 


Stee! will be discussed by Radcliffe Furness, Midvale Company, 













Plant Inspection 


Plant inspection during the week of the A. 8S. S. T. Convention 
‘; under the direction of George Allen, Rockefeller Building. The 
Committee has made arrangements for schedules on Tuesday, 














Wednesday and Friday afternoons. Optional visits for these days 
will be provided. These trips will undoubtedly be of much inter- 
est to the members, due to the variety of manufacturing which is 







done in Cleveland. 





A NEW SERVICE TO MEMBERS 





\ ANY members of the Society will, no doubt, be interested 
4 in the current patent service which has been added to the 
Service for Members department of the Society, as announced 
on page 257 of this issue of the TRANSACTIONS. 

This service is designed to supply the members of the So- 
ciety with copies of United States patents as they are issued, re- 
lating to the fields of manufacture or invention which may be 
selected by the subseriber. It is believed that such service will 
enable the Research Laboratory and Planning Department. of our 
corporations, as well as interested individuals, to keep in touch 
with current patents relating to their products, manufacturing 
processes and machinery and keep them informed of the im- 
portant changes in metallurgical or other manufacturing practice 
as carried on in other plants. 

The patents will be selected from the Official Gazette of the 
Patent Office each week and mailed to the subscribers to this serv- 
ice by Nelson Littell, Esq., who supplies the Review of Recent 
Patents for the Transactions, and who was an examiner for sev- 
eral years in the Metallurgical Division of the United States 
Patent Offiee. 

lt is the intention to make this service of direct value to the 
members of the Soeiety, and it is hoped that they will take ad- 
Vantage of the opportunity which has been secured for them. 
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UNAUDITED PROFIT & LOSS STATEMENT 
AMERICAN SOCIETY FOR STEEL TREATING 


From January 1 to June 30, 1925 
INCOME 


Gross Dues 

Transaction Advertising 
Transaction Sales 

Bindery Account 
Discounts Received 
Interest 

Data Sheets 

Transactions Book Account 
Miscellaneous Receipts 


EXPENSES 


Discounts Allowed 

Bindery Account 

Reprints 

Data Sheets 

Library 

Transactions Advertising 
Transactions Book Account 
Miscellaneous Expenses 
Transactions 

Secretary’s Office 
President’s Office 
Treasurer’s Office 
Director’s Expenses 
National Committees 
Sectional Meetings 

Local Chapters 

1924 Convention Expenses 


Excess of Income over Expense 


BALANCE SHEET 


As of June 30, 1925 
ASSETS 


Commercial Account Cleveland Trust Co. $14,003. 

Savings Account Cleveland Trust Co. 5,109.5 

Savings Account Equity Savings & Loan Co. 

Savings Account Union Trust Co. 
Bond Investments me ets | 
United States Treasury Certificates 8 
Accounts Receivable for Advertising &¢ form) 
Accounts Receivable Miscellaneous  oner: 
Office Furniture and Fixtures 575.55 I dl 
1924 Convention Accounts Receivable = the wv 
1925 Convention Prepaid Expenses ; af : 
Inventory January 1, 1925 

1926 Convention Prepaid Expenses 

Accrued Interest 


LIABILITIES 


Accounts Payable $ 1,383.71 
Reserve for Dues Paid in Advance 10,000.00 
Reserve for Doubtful Accounts 1,000.00 
Permanent Convention Reserve 20,000.00 
Advance Receipts 1925 Convention 
H. M. Howe Medal Fund 

Surplus, January Ist, p28, : 

Profit from January 1, to March 31, ‘ 2,942. 31,058.68 


$88,114.89 













CHARACTERISTICS OF PERMANENT MAGNET STEEL 
WITH SPECIAL REFERENCE TO RADIO 
REQUIREMENTS 


By 








R. P. De Vries 


Abstract 


















This paper presents graphically data obtained on 
several types of magnetic steels especially for use on 
radio equipment. The author points out that it is not 
desirable in the standardized manufacturing processes to 
vary hardening operations as applied to magnet steel. 
The many considerations which bear directly upon the 
ist of manufacture make it necessary that the steel will 
respond to the one established practice of hardening. In 
some instances warpage, in others dimensional changes 
of the air gap, are details which must be controlled in 
ihe hardening operation. 

The author points out that for a good magnet steel 
it is better that neither residual induction nor the co- 
ercwe force should be at a maximum, but that a high 
average value should be obtained for both. 
















\ AGNET steel oceupies a unique position among steels. It 
4 is one of the few steels of which every piece receives some 
test as to its quality before it is assembled in the ultimate unit 
in which it forms a part. This testing usually runs concurrent 
with the manufacture of the magnet and is actually a part of it. 
The final criterion of its worth is not suspended until it is placed 
in service but is largely determined beforehand. 

There are three stages in the process of manufacturing mag- 
nets which may be enumerated as follows: first, the mechanieal 
forming of the magnet; second, the heat treatment or hardening 
operation; third, the magnetizing and testing. It is obvious that 
the way in which the first operation is to be performed controls 
to a large extent the question of the state in which the magnet 
steel will be delivered by the steel maker to the manufacturer. If 
the magnets are to be formed hot it is not necessary that the steel 
be “‘soft’’ enough for doing mechanical work on it. In the past 
| it has sometimes been specified that the steel when delivered should 






\ paper presented before the Spring Sectional Meeting of the Society, 


ly May 29, 1925. The author, Ralph P. DeVries, is metallurgist 
the Ludlum Steel Co., Watervliet, N. Y. 
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shear when cold into definite lengths. This requirement ha: 
ly been met by controlling the cooling after rolling but no 
by a subsequent and separate heat treatment. 

The advent of radio, requiring, as it does, a fair ton 
magnet steel, for head sets and loud speakers, has brought 
a new requirement, namely, that strip magnet steel shal! |. 
such a ‘‘softness’’ that it can be blanked by ordinary pun 
operations into shapes required. Where steel is blanked conmey 
cially and in great quantities its hardness cannot be much 
than that of annealed tool steel. Annealing or some oth 4 
treatment which should produce the desired effect would, ther 
fore, seem to be necessary. The effect of an annealing or « 
lent heat treatment, however, cannot be considered merely in thy 
light of whether it produces the result-of making the stec! 
to form or blank. The effect upon the ultimate magnetic jo) 
ties secured must also be considered. 

In selecting the magnet steel for any particular purpose, thi 
design as well as the quality of the steel must be taken into co 
sideration. The magnetic properties usually measured when per- 
manent magnets are under consideration are the maximuin pe 
meability of the steel denoted Byax., the residual induction B.. 
and coercive force H,. It is generally recognized that these prop 
erties can be varied over quite a wide range, by the selection 
different grades of magnet steel commercially made. These prop 
erties can now be easily determined by test. After a selection | 
steel has been made, it is still possible to obtain a fairly wie 
range of properties through different hardening treatments. This 
is shown in Fig. 1, where the graphs show the variation obtained 
one grade of chromium magnet steel, through different heat treat 
ments. The results plotted in Fig. 1, and all subsequent graph 
are average values obtained from tests of three samples, and in 
many cases averages of ten or more. Test bars were all of the 
same approximate section, being three-quarters inches by thiree- 
eighths inches. 


It must, however, be borne in mind that it is not desirab! 


in standardized manufacturing processes, to vary the harden: 


operations as applied to magnet steel. Many considerations whic! 
bear directly upon cost of manufacture make it necessary that the 
steel shall respond to one established practice of hardenine. 
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ire; instances warpage, in others dimensional changes of the air 
ftey ap, are details that must be controlled in the hardening operation. 
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Fig. 1—Graph Showing the Variation Obtained in One Grade of 
n pel Chromium-Magnet Steel Through Different Heat Treatments. These 


Results are Average Values Obtained from Tests of Three or More 
Samples. 
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The test results shown in Fig. 1 were obtained on the Fahy 
plex Permeameter, using standard test practice throughout. || 
other recorded tests were made in the same way. This test j; 
made easily and quickly, but it does not lend itself to the testiy 
of other than straight bars. Formed magnets must obviously }e 
tested by other means. The fundamental values as thus obtained 
on the bar must be related to the much quicker test of the work 
shop and factory. The more rapid tests employed in the many 
facture of magnets are not always easily translated into the nore 
fundamental values obtained through precision testing on straight 
bars. It has, however, been established many times that mayne 
stcel having good values of maximum magnetization, residual iy 
duction, and coercive force, as determined by the bar tests of th 
steel, will have good magnetic strength when made into formed 
magnets, provided that the same have received identical treatinent, 
We can, therefore, proceed from this basis of magnetic measure- 
ments on bars as a sound one. 

Tests were carried out to determine in how far a given gerade 
of chromium magnet steel could be high drawn or annealed for 
the purpose of blanking the same, and still give excellent magnetic 
values when hardened. Instead of referring the magnetic results 
when steel is high drawn, and annealed to a wide range of sub 
sequent hardening heats, they have been referred to one harden 
ing temperature, this temperature being selected by preliminary 
trial as one whieh gave good test results as regards the factors o! 
residual induction and coercive foree. In Fig. 2 we have show 
graphically the magnetic results obtained on chromium magnet 
steel of the following analysis: 


C. Mn. Cr. Si. 
0.87 0.30 2.05 0.28 


All bars were taken from the same heat of steel and were draw! 
to various temperatures ranging from 1250-1450 degrees Fahr. Hach 
end of every magnetic test bar was Brinell tested and the results 
plotted in the form shown. It was found that magnet steel of 
the same chemical analysis when drawn to temperatures of the 
‘anges indicated did not always have, even approximately, thie 
same Brinell number. Instead of trying to show graphically the 
relation between the magnetic properties and the temperature 10 
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u whieh the bars were drawn we have in Fig. 2 the relation of the 
1 magnetic properties to the Brinell hardness number of the bar 
Is before hardening. 
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Fig. 3—Shows the Relationship of the Magnetic Properties to 






































fo) the Brinell Hardness Number of a Chromium Magnet Steel Having °* 

in Analysis Approximately the Same as That of Fig. 2. 

uuits 
sD 

len 
lary 
‘+ i) 
Ow) 
aital 

iW £ ‘ ia 2 | ct 

rat 250 300 350 400 450 500 550 600 650 700 
Ha Brine/l Hardness Before Quenching in Water from /600°F 
sults 

Fig. 4—Shows the Relationship of the Magnetic Properties to the Brinell 
| ol H ness Numbers of a Tungsten Magnet Steel Drawn and Annealed Befors 
nching from 1600 Degree Fahr., in Water. Chemical Analysis: Carbon 
the Manganese 0.23, Chromium 0.65, Tungsten 5.50, Silicon 0.23. 
the f Vr > = ow ‘ ; y ? j 
‘ig. 3 represents similar values for bars taken from another 
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heat, but approximately of the same analysis. .The similarity in 
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graphs of Figs. 3 and 4 would seem to indicate that the bars 
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which had been annealed previous to hardening (represen 
Brinell hardness values in the range of 160-190) have a muc! 
coercive force than harder bars which have been only high 


+ Why 


to the extent indicated by their Brinell hardness values. 7 
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200 250 3900 350 400 450 500 = 550 
Brinelt Hardness Before Quenching in Oi! from 1$25 °F 


Fig. 5—Shows the Relationship of the Magnetic Properties to the Brine! 
Hardness Numbers of a Chromium-Tungsten Magnet Steel Before Quenching 
Oil from 1525 Degrees Fahr. Analysis: Carbon 0.85, Manganese 0.38, Chromiun 
2.08, Tungsten 0.96, Silicon 0.32. 
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950 400 550 600 650 
Brne/l Hardness Before Quenching in Oil from 1585 °F 


Fig. 6—Shows the Relationship of the Magnetic Properties to 
the Brinell Hardness Numbers of a Chromium Tungsten Magnet Steel 


to the Brinell Hardness Number as Obtained on the “As Rolled’’ 


Bars Before They Were Quenched in Oil from 1525 Degrees Fahr. 
(See Table I). 


eurves for residual induction indicate as high values for the an- 
nealed condition as for bars which have been high drawn to the 
amount shown by their Brinell hardness. 
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Fig. 4 are plotted results for tungsten magnet steel drawn 




















































we} and annealed, then hardened by quenching from 1600 degrees 
‘Wh Mahr. (875 degrees Cent.) in water. The chemical analysis is: 
a C. Mn. Cr, Ww. Si. 
0.61 0.23 0.65 5.50 0.23 
The values for coercive force are highest for the bars ‘‘as rolled’’ 
and especially when these bars have been rolled from so high a 
temperature that the Brinell numbers in the ‘‘as rolled’’ condition 
£00 250 300 350 450 500° 550 
Brinell Hardness as Normalized 
Fig. 7—Shows Graphically the Results Obtained on a 
Chromium Magnet Steel of the Following Composition: Carbon 0.87, 
Manganese 0.32, Chromium 2.08, Silicon 0.26. The Magnetic Re 
sults Shown Were Obtained on Bars which Were First Annealed at 
1 Temperature of 1450 Degrees Fahr. They Were Then Normalized 
in Four Steps, the Temperatures Being 1600, 1675, 1750 and 1825 
Degrees Fahr., Followed by Air Cooling. 
are highest. The values of residual induction increase consider- 
bly on drawing to high temperatures before final hardening. 
Some of the inereases amount to well over 10 per cent. 

It would seem to be of interest to include another grade of 
iagnet steel in this connection. This magnet steel chosen econ- 
tained : 

C. Mn. Cr. Ww. Si. 
0.85 0.38 2.08 0.96 0.32 
In Fig. 5 is shown the magnetic test results of bars before they 
were quenched from 1525 degrees Fahr. (830 degrees Cent.) in oil, 
in relation to the Brinell hardness number of the various samples 
e an- before they were hardened. The bars that have the highest Brinell 
to the hardness of 650 represent the ‘‘as rolled’’ condition of the stee 


lhe samples showing lesser hardness than 600 were all submitted 
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to some drawing, the lowest temperature of drawing being 4 
degrees Fahr. (205 degrees Cent.). Each point on the cur rep 
resents six samples taken from bars rolled from the same b)iJlq 
of steel. The coercive force is highest in the samples which wey, 
hardest in the ‘‘as rolled’’ condition and gradually drops off ; 
the lowest value for these samples which had the lowest Brine] 
number previous to hardening. 






Values of residual induction ay, 











Table I 


















Finishing Brinell Hardness Number Magnetic properties aft: 
Temperature Method **As Rolled” quenching in oil form 1525° | 
Degrees F. of Cooling State He Br 




















2000 Air Cooled 627 62 87 5( 
2000 Air blast 600 58 9201 
1975 Air cooled 600 61 9459 
1450 Air cooled 627 64 952 
2050 Water cooled 600 60 R40) 
2050 Water cooled 600 61 850 
2050 Air cooled 627 67.5 8250 
2050 Air cooled 627 58 830 
2000 Air blast 627 56 R70 
2025 Air blast 652 57.5 8150 
1500 Air cooled 555 54 10000 
1500 Air cooled 627 59.5 9450 
1400 Slow cool in pipes 555 52.0 985i 
1425 Slow cool in pipes 418 56.0 960 
2000 Slow cool in pipes 375 60.0 955' 
2000 Slow cool in pipes 364 58.0 965! 
2025 Slow cool in pipes 364 57.0 982: 
1400 Slow cool in pipes 332 56.0 9450 


higher for the high drawn samples than for the low temperatur 
draws. 

It is evident from these various tests that it is essential that 
the user of magnet steel who cannot manufacture magnets from 
the steel in the ‘‘as rolled’’ condition, shall have a very good un 
derstanding of ‘which of these magnetic qualities is most desirable 
for greatest magnetic strength and uniformity in the finished 
product. 

It is possible to vary the hardness of magnet steel by other 
than drawing or annealing treatments after rolling. Quite larg 
variations of hardness can be obtained by varying conditions 0! 
the cooling beds so that the steel shall be retarded in its cooling 
The temperature at which the bars are finished ean also be ¢o 
trolled within certain limits. Both of these operations will have 
their effect upon the hardness of the ‘‘as rolled’’ bars as well a 
on the magnetic properties when the steel is hardened. 

There are plotted in Fig. 6 the magnetic test results o 
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hromium-tungsten magnet steel as related to the Brinell hardness 
yumber obtained on the ‘‘as rolled’”’ bars before they were quenched 
from 1525 degrees Fahr. (830 degrees Cent.) in oil. 

Table I identifies the rolling temperatures and cooling given 
to the bars which resulted in producing the Brinell values plotted 
1 Fig. 6. A eareful comparison of plotted results of Figs. 5 and 
« show that when the hardness of the ‘‘as rolled’’ bar is varied 
by manipulation of the finishing temperatures and cooling rates 
that there is no appreciable gain in magnetic test results after 
hardening from 1525 degrees Fahr. (830 degrees Cent.) in oil. 
The lowest values of Brinell numbers obtained on bars ‘‘as rolled’’ 
vere due to low finishing temperatures of 1400 degrees Fahr. 
760 degrees Cent.) and subsequent packing in pipes with other 
steel to cool it very slowly. It may be noted that the Brinell 
hardness number of 332 so obtained would hardly represent mate- 
rial which would be commercial to blank without further treat- 
ment. These results indicate that incidental heat treatment of 
steel after rolling and control of finishing temperatures hardly 
meet the required purpose. It is also apparent that the magnetic 
properties of the bars which have a comparatively low Brinell 
hardness number are not better than those which can be obtained 
by rolling the steel from moderately high temperatures and after- 
wards reducing the hardness by drawing or annealing. 

lligh drawn and annealed steels show lower coercive forces 
tor all the magnet steels tested. If it is desired to maintain the 
coercive force at values above those so obtained it is possible to 
vary the magnetic properties by still further heat treatment pre- 
liminary to final hardening operation. Fig. 7 graphically shows 
the results obtained on chromium magnet steel of the following 
composition : 







C. Mn. Cr. Si. 
0.87 0.32 2.08 0.26 





‘The magnetic results shown here were obtained on bars which 


Were first annealed at a temperature of 1450 degrees Fahr. (790 


Sdegrees Cent.). After this annealing treatment they show a 
mean Brinell hardness number of 212. These bars were then 
BP ormalized in four steps, the temperatures being 1600, 1675, 1750 
mend 1825 degrees Fahr. respectively, followed by air cooling. 


They were then heated to 1525 degrees Fahr. (830 degrees 
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Cent.) and quenched in oil. The curves show the relatio) 
coercive force and the residual induction to the Brine! 
which were obtained by these four steps of heat treatme: 
values so obtained indicate again that the values of coerci 
and residual induction can be increased by air cooling or 
izing at temperatures well above the upper critical ran: 


Fresidval Induction-8 


Gavsses 


Coercive Force - hy 





Fig. 8—Shows the Magnetic Test Results of Five Different 
Heats of a Chromium Magnet Steel Before and After Normalizing 
from 1600 Degrees Fahr. The Analyses of These Results are Shown 
in Table IT. 


bars normalized from 1600 degrees Fahr. (870 degrees Cent. 
before hardening by heating to 1525 degrees Fahr. (830 degrees 


Cent.) and quenching in oil, inereased only slightly in hardness 
from the annealed values, and are still in a condition where the) 
eould be worked mechanically in the cold state. 

It is possible to get increases of both magnetic pro 
and coercive force by these normalizing treatments which cai 
carried out after the steel has been blanked into shape and 
fore the hardening is done. It, of course, necessitates an addi: 


Table II ’ 


Heat No. Carbon % Manganese % Silicon % 





0.81 0.27 0.19 
0.83 0.29 0.24 
0.87 0.31 0.31 
0.94 0.34 0.27 
0.91 0.22 0.25 


tional operation in the making of magnets but in particular cas 


this may be advisable. The results for five different 
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chromium magnet steel before and after normalizing from 1600 


decrees Fahr. (870 degrees Cent.) are shown in Fig. 8. The 
analyses of these heats are shown in Table II. The increased 
values of residual induction and coercive force after normalizing 


at 1600 degrees Fahr. (870 degrees Cent.) before final treatment 
is quite marked, 

\t will have been noted that the test bars which were used 
throughout are not comparable in section to those which are quite 
ordinarily used in assembled magnets for head sets and loud speak- 
ers. ‘The heavier sections were used to eliminate as far as possible 
the variations which enter when comparatively thin sections are 


subjected to drawing and annealing temperatures. The effect of 
slight decarburization which may be obtained in such operations 
are practically nullified by using the heavier bar sections, in 
which the deearburized area when present is only a small fraction 


of the total area under test. The heavier sections also lend them- 
selves better to accurate hardness measurements. 

In conclusion it may be repeated that there are a good many 
phases of magnet steel testing, as this testing is done in the manu- 
facture of magnets which are not adequately linked up with test 
results obtained on straight bars tested in the Fahy Magnetic 
Permeameter. A good deal of testing as done on finished magnets 
depends for its results upon a composite figure of quality, which 
is not directly related either to coercive force or residual induction. 
In our experience it has been quite evident that when coercive 
force is reduced in value below a certain amount the percentage 
gain which may have been obtained in residual induction will not 
offset the falling off of coercive force. On the other hand, if 
the magnet steel is treated in such a way in its various stages of 
manufacture that its coercive force is very high and the residual 
induction is low, the magnet will not be of satisfactory quality. 
For a good magnet steel it, therefore, seems that neither the 
residual induetion nor the coercive force should be at a maximum, 


but that 


at a high average value of both should be obtained. 





















































































THE HEAT TREATMENT OF STEEL CASTINGS 


By A. N. CONARROE 


Abstract 


This paper describes the heat treatment of steel casi. 
ings, including annealing, normalizing, quenching an 
tempering and case carburizing. 

The author has described briefly what is meant o, 
accomplished in these various heat treatments. He als, 
deseribes the various ways in which the heat treatmeni 
are carried out. 

The heat treatment of castings which have develope: 
abnormal conditions due to melting practice, is also dis 
cussed. A short discussion of melting practice and som 
of the defects which may develop in steels, is covered 
Inclusions (sonims) are discussed. 


























HE subject, ‘‘The Heat Treatment of Steel Castings,’’ covers 
& as many procedures as the sizes of castings and the desired 
properties in the finished product demand. Since these propertie: 
are diverse, it is impossible to cover them all here and the discussion 
will be confined to types, rather than individual cases. 

The question is sometimes asked, ‘‘Why heat-treat steel! cast 
ings at all?’’ Indeed, not so many years ago the heat treated 
casting was in the minority and most castings were made of low 
earbon metal and shipped, after cleaning, without being heat 
treated, except some few instances, in which the cooling from the 
molten state was retarded with the idea that annealing was ac- 
complished. Stories are told of elaborate preparation of molds 
with underlying beds of coke, which would become ignited and 
thus retard the cooling of the casting. 


Service demands, however, became more and more severe and 
it was evident that a higher grade product was necessary to meet 
the new conditions. Since a green casting, which could be broken 
from the runner with a few blows of the sledge hammer could not 








be expected to stand up under repeated shock, it became necessary 









A paper by A. N. Conarroe, member A. 8. 8. T., chief chemist, Melros 
Park Works, National Malleable and Steel Castings Co., Melrose Park, Ill. 
This paper was given under the auspices of the Cleveland chapter of ti 
Society, as a part of the Evening Course on the Practical Heat Treatment 0! 
Steel, at the Department of Metallurgy, Case School of Applied Science, wice! 
the direction of H. M. Boylston. 
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HEAT TREATMENT OF STEEL CASTINGS 15] 
to resort to some method of heat treatment to obtain the higher 
physical qualities demanded. From this small beginning the proc- 
esses of heat treatment of castings have become more. diverse 
and are becoming more so as new demands arise. 

lleat treatments given to castings may be classified as follows: 

Annealing, normalizing, quenching and tempering (drawing), 
ease carburizing. 

In the annealing process the casting is heated through and 
well beyond the critical range until the original structure is en- 
tirely absorbed, then allowed to cool slowly either in the furnace 
or covered with a heat insulator. It is best to cool the castings 
quickly to near the lower critical point, then slowly if the best 
physical qualities are to be obtained. However, this is seldom 
done in practice, since the material is simply allowed to cool in 
the furnace. 

Kor normalizing, the castings are heated as before until the 
original structure is absorbed, then removed from the furnace and 
allowed to cool in the air. This treatment gives the castings an 
air quench, which retains some of the earbide in a sorbitie condi- 
tion, thus adding to the strength of the material, without seriously 
affecting the ductility. The majority of steel castings are given 
this treatment and a properly normalized structure usually gives 
vood service when all other conditions are equal. 

When material is to be subjected to severe stresses it is neces- 
sary to develop a structure as fine grained as possible. This is 
accomplished by heating as before and quenching in a liquid ac- 
cording to the size of the casting and desired physical qualities 
and reheating below the critical range to equalize strains and re- 
store ductility. Sometimes the reheating is carried to the critical 
point when a fine grained structure with maximum ductility is 
desired. 

lt is at times desirable that the surface of the castings be 
resistant to wear and that the material still be ductile to resist 
shock. This is accomplished by case carburizing, which gives a 
thin hard surface with a soft core. Here the material is heated 
in contact with a carbonaceous material for a sufficient time to 
develop the thickness of case desired, then quenched at once or 
reheated and quenched according to the quality of the product. 
These heat treatments are carried out in a variety of ways, 
tar the most common being the heating in a.chamber type 
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furnace, into which the castings are charged, carried throw 
heating cycle, and withdrawn. 

The heating cycle usually consists of a period of heat 
castings to a certain desired temperature, which depends \poy 
their size and analysis, holding them at this temperatur until 
the heat has equalized throughout the sections, and then wit) 
drawing them from the furnace. The rates of heatine of ¢}y, 
castings and the period of holding after this temperature is reache; 
are established experimentally for each type and size of 
and depend as well upon the size of the furnace and methiod 0; 
charging. It is good practice to charge the material so that thy 
heavier sections are on the upper side, thus coming into contac 
with the hotter gases, and to provide for circulation of the vases 
about the lower portion of the castings. This distributes the heat 
more uniformly and protects the lighter sections from overheating 

Since the chamber of a furnace acts like a pond in the bed 
of a stream, except that the position is reversed, the hot gases ris 
to the roof and flow along the roof until they have given up part 
of their heat, after which they fall again. Thus it is best to hay 
the outlet ports for the waste gases near the hearth of the furnac 
and to provide for the outflow of these gases underneath th 
castings. 


Oo the 

















It is easily seen that the stratification of the gases in a furnac 
makes the measurement of the furnace temperature difficult and 
that one has to be careful to know all the facts when comparing 
heat treatments of different plants. 

Many heat treaters measure the temperature of the furnace 
gases, trying to locate their pyrometers where they will not be 1 
the direct path of the hot envelope of gases. It is obvious that 
any change in the flame path due to draft conditions or other 
factors relating to the fuel will influence the temperature reading. 
and a recorded temperature, which in one case would give a proper 
structure, would fail in another. The better practice is to place 
the pyrometer inside the casting where this can be done, or in 
intimate contact with it and protected from the direct action 0! 
the flame. At best a pyrometer measures the temperature of only 
a small area of the product to be treated and it is highly importan' 
that the temperature of the rest of the charge be maintained as 
closely as possible to that indicated by the instrument. This «an ! 
accomplished only by the skill of the operator in maintaining the 
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came color throughout the furnace, which indicates the necessity of 
having Skilled operators in charge of heat treating operations. 
Vhen the material is first withdrawn from the furnace it 


will have a clear bright appearance if it has been properly heated. 
In the language of the old furnaceman, ‘‘ You can see through it.’’ 
If the section is not thoroughly equalized a smoky pulsating haze 
will seem to shift aeross the surface of the casting and microscopic 


nvestigation will reveal an undertreated structure. 

Another factor, which influences the treatment of the material, 
is the amount of cleaning done upon the eastings before charging 
‘ito the furnace. If vital sections are covered with sand the heat 
cannot properly penetrate the section and a poor treatment re- 
sults. Since it is easier to clean castings after reheating the 
tendency is to neglect this factor, which leads to a non-uniformity 
of product. 

Other methods practiced are, the continuous and slow heating 
of the castings to a higher temperature and the withdrawal from 
the furnace, or a similar heating and partly cooling before with- 
drawing from the furnace. These are known as flash treatments 
and, while they save time for the complete cycle of the treatment, 
any cold spots in the furnace have a greater influence for lack 
of uniformity in the product due to insufficient time for equali- 
zation 

ue to the large tonnage which can be treated in a small 
space the trend has turned to continuous type treating furnaces. 
It is obvious that either of the above processes can be carried out 
in a continuous furnace, but the better results seem to be obtained 
by a heating and a holding cycle, followed by quick cooling upon 
discharging. Sinee the material passes through the furnace at a 
(definite rate and all the material passes through the same zones 
the chances for unifomity of product are increased with proper 
manipulation. However, it is evident that the pyrometer cannot 
be placed in the easting in this type of furnace and the criticism 
of measuring the furnace temperature instead of that of the cast- 
ings holds here and is a source of danger. The mechanical move- 
ment of the eastings through the furnace also presents a problem 
which, at times, eauses considerable trouble. In spite of its 
varlous diffieulties, the continuous furnace has come to stay and 
offers the cheapest method of heating castings for the different 
treathents, whether the fuel used be coal, gas, oil or electricity. 
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Up to this time we have discussed the treatment of norma) 
steel and by far the greater part of the material coming {0 thp 
steel 
products is subject to certain fluctuating influences and jt x 
necessary that the heat treater keep in close touch with the melt. 
ing and casting conditions to which the steel to be treated has heey 
subjected before reaching him. This should be done in order tha; 
some of these conditions may be remedied at the source instead 
of evolving elaborate and expensive heat treatments to take care 
of them. In spite of close supervision, abnormal conditions wl] 
develop and the heat treater is called upon to exercise his 
ingenuity to meet these conditions and turn out a satisfactory 
product. 


heater will fit into this class. However, the manufacture o 


















































In the melting of steel for castings, the usual practice is { 
so regulate the furnace that the metal will have the desired fluidity 
by the time the carbon and other elements have been reduced ¢ 
the desired amount. This is brought about by arranging the 
composition of the charge so that the carbon content will be hiv! 
enough by the time the change is entirely molten to allow for a 
period of refining before the desired composition is reached 
When this refining is complete the metal is subjected to deoxida 
tion, or, in shop parlance, is ‘‘killed’’ by the addition of deoxi 
dizers or scavengers, usually ferrosilicon and ferromanganese, 
either put into the furnace or into the ladle, according to the 
practice of the manufacturer. In his desire to assure himself that 
the metal will be sufficiently fluid to fill the molds properly, the 
melter sometimes runs the temperature of the fluid metal highel 
than necessary. This hot metal is retarded from cooling quickly 
by the molds, and the castings are held in the granulating range 
for a considerable time. This condition is ideal for the produc. 
tion of excessively large erystals and a coarse grained product 
results. This coarse grained condition is called ‘‘ingotism”’ and 
exists in most castings of large section, when slowly cooled in sand 
molds. In like manner when eastings are held too long in the 



















































































grained product is the result. Sometimes, under slow cooling 
conditions, especially when the metal is phosphoritic, the crystal: 




















molds, after pouring, the same condition arises and a coarse 


line growth occurs by linear deposition, and sets up a fir-tree 
like form of erystallization called a dendrite. In this case the 
impure elements are forced or driven to the boundaries of these 
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HEAT TREATMENT OF STEEL CASTINGS 
forms, and set up a segregated form which is difficult to 
eliminate. 

(he above conditions are properly metallurgical and ean be 
prevented or controlled to a degree by keeping the composition 
of the material within certain limits and using a normal casting 
temperature, also drawing the castings from the sand as soon as 
danger of excessive scaling is past. It is quite probable that the 
method of adding the recarburizers has an influence upon these 
conditions. However, should these conditions exist in the castings 
coming to the heat treater he must so treat them as to break up 
these structures and leave a properly refined structure in the 
material. 


INGOTISM 


Ingotism, or steel having large grain structure, can be broken 
up or refined by heating the material considerably above the criti- 
eal range, allowing to cool, then reheating to a lower temperature, 
holding long enough at these temperatures to insure the penetra- 
tion of the heat to the center. The material is then allowed to 
cool to atmospheric temperature, either in the furnace or in the 
air, depending upon the properties desired in the finished product. 
‘‘Dendrites’’ are more difficult to eliminate and require drastic 
measures. These take the form of heating high above the critical 
range, and quenching to prevent the redeposition of the phosphoric 
segregates, followed by a heating to a lower temperature within 
the critical range to further refine the grain structure. A den- 
dritie specimen may show a properly broken up microstrucure, 
hut etching for macrostructure will show the segregated condition 
has not been eliminated. 






CAVITIES 


When steel has not been thoroughly ‘‘killed’’ by the deoxi- 
(lizers, gases, which have been contained in the liquid metal, are 
given off while solidifying, since the solubility of these gases in 
the steel becomes: less as the temperature approaches the freezing 
point of the metal: These gases, trying to escape through the 
pasty metal, which is part liquid and part solid, form cavities 
called ““blowholes,’’ which give the castings a honey-combed ap- 
pearance, and eut down the effective area for resistance to stress. 
Also, the gases remaining in solution are believed to have a de- 
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pressing action on the critical point of the steel at these | 
and cause exaggerated crystal growth. The proper elmina 
this condition lies in the working of the liquid charge bef: 
ping, so as to leave always sufficient residual manganese to wnite 
with the dissolved oxides and proper ‘‘killing’’ in the ladle. Som, 
plants add high silicon pig iron just before tapping in orler ¢ 
conserve the managanese content of the metal and claim 
a better scavenging action from the final recarburizers. 
When this porous condition does exist in the casting 
heat treater must restore the physical requirements to the m 
which is again accomplished by a double treatment, first refining 
the normal part of the casting and then the oxidized portion, 
Another form of gas pockets exists in steel castings, which results 
from pouring the metal into molds, which are not sufficient!) dry 
or not properly vented. The hot metal reacts upon the gas-produe. 
ing constituents of the facing sand and cores in the mold, viving 
off gases, which cannot properly escape through the dense sand. 
and the result is a porous section in the casting at this point. 
Since the entrapped gases in cases, of this kind nearly always 
contain a considerable amount of air, the surfaces of these cavities 
many times present an oxidized appearance, and microscopic ex- 
amination reveals the fact, that, in many cases, the surround) 


metal has been decarburized to a considerable degree. This (e- 
carburization leaves an excess of ductile ferrite at these points, 
which reduces the strength of the section. The proper elimina 
tion of this condition is to prepare the molds from properly tem 
pered sand and to be sure that the backing sand is more permeable 
than the facing sand in order that the gases may escape freely 
When it is necessary to heat treat a decarburized section a treat- 
ment which will largely develop a sorbitie structure which gives 
notch toughness to the surrounding unaltered material is best, 
so that as the ferrite yields under stress, the strain will be taken 
up by the stronger material. 

Cavities are also brought about through shrinkage, where thi 
sections of the castings do not have the proper relationship, due 
to improper design or circumstances beyond the control of tl 
designer. The heavier sections of the casting remain in the fluid 
state longer than the thin sections and, if they are so located in 
reference to the gate that they cannot be properly fed by the 
liquid metal as the casting solidifies, shrinkage occurs, and {orms 
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or cavities at these points. Sometimes these pockets have 


small openings leading to the outside air, in which case the gas 
entering the pocket is of an oxidizing nature, and the surface of 
the cavity appears oxidized. This condition also may bring about 
jecarburization of the surrounding metal. Sometimes small cracks 


re found radiating outward from cavities such as these, and they 
wt as planes of slip, when the metal is put under stress. If the 
surfaces of these minute eracks are not oxidized, they are sometimes 
benefited by heat treatment, but an oxidized condition precludes 
any uniting of the parts. Shrinkage in the castings may be elim- 
‘nated or reduced in two ways: eliminated usually by casting with 
a feeding head at this point, or reduced by the use of chills to 
cause the heavier section to solidify more quickly. These two 
methods are followed, where the design of the casting cannot be 
changed to remedy the condition. When nails or wires are in- 
serted into the section for their chilling effect, it is necessary to 
see that they are of the right composition to fuse or weld readily 
with the east material, or else they will weaken the section and 
defeat the purpose for which they are used. 


IMPURITIES 


When steel is in the molten, unfinished state in the furnace, 
it has dissolved in it sulphides of iron, ferrous oxide, and various 
other impurities, and has in suspension magnetic oxide of iron 
and silica. The ferrous and magnetic oxides of iron are derived 
from the oxidized portions of the charge and from the ore addi- 
tions previous to tapping. Thus the control of oxidation in the 
charge depends in a measure upon the condition of the scrap mak- 
ing up part of the charge so that serap, which is considerably 
rusted, should be used with caution, if a high grade product is 


desired 





The silica, present in the unfinished steel, results from the 
oxidation of the silicon in the pig iron and serap. When an excess 
of manevanese is present in the charge, this reacts with the oxides 
and sulphides of iron to form manganous oxide and manganese 
sulphid The manganous oxide formed has a great combining 
power for silica to form silicate of manganese, which agglomer- 
ites into fairly large semi-molten particles through the agitation 
of the hath and passes out into the slag. The manganese sulphide 
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coalesces into small spheres also, and passes into the 
there were sufficient manganese present, these reaction 

















WOuld 
continue until the unfinished metal was entirely free of oxidation, 
and the sulphur reduced to a minimum. In most eases, lovey 
insufficient manganese is present, and the deoxidation is complete 





in the spout or ladle, ferrosilicon and ferromanganese bein 





= added 
for that purpose. The ferrosilicon reacts vigorously with th 








ra, 








maining oxides, forming silica, which is churned up into the mer. 
as it falls into the ladle. The manganese from the ferromanvaypos 








is also oxidized, and being in intimate contact with the silica y. 
sulting from the oxidation of the ferrosilicon, reacts with jt ; 
form silicate of manganese. These small globules are churned 

with the metal pouring from the furnace, and the result is a {ly 
metal containing millions of globules in suspension. If thy 
is sufficiently fluid, these particles will in time agglomerate an 
rise to unite with the slag. This is due to the fact that the » 
earburizers seem to act in the capacity of colloid precipitant 
The residual iron sulphide in the unfinished steel reacts with th 
manganese in the ladle to form manganese sulphide, which remains 
suspended in a semi-molten state, and gradually floats to unit 
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| 
with the slag. If the amount of ferrous sulphide is fairly lary 
it unites with the manganese sulphide to form a low melting 
eutectic, which is frequently found along the grain boundaries 
steel fairly high in sulphur content. Sometimes aluminum is used 
as a deoxidizer, in which ease infusible oxide of aluminum i 
formed and passes into the slag if given sufficient time to ris 
through the mass of metal. If this oxide is not eliminated, it form: 
hard spots, which defy machining and must be chipped out. Thi 
practice of adding directly to the stream of metal entering |! 
molds is to be condemned because of this danger. If the additior 
of aluimnum is necessary it should be done in the ladle. 

The conditions mentioned thus far are metallurgical and woul’ 
indicate that it is best to maintain a reasonably high casting 
temperature and hold the steel in the ladle long enough to allo\ 
the reaction products to rise to the top. If this were the onl} 
source of foreign inclusions, the problem would be simplified, bu! 
the molten metal cuts away the refractory linings of the spoul. 
pouring box, and pouring heads. When these refractory linings 
become highly heated, the reaction products of the deoxidizer 
unite with them to form fusible silicates, which increase the num 
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yer of foreign inclusions in the molten steel. This is an argu- 
ment against too high casting temperatures, for the gain in fluidity 
would be offset by the increase in the number of foreign inclu- 
ions. If the metal is not sufficiently fluid and the time it is held 
‘n the ladle is too short for the reaction products to rise to the 
surface before teeming, the castings will contain more or less for- 
ejvn inclusions from these sources. These inclusions have been 
ealled sonims, the name being derived from and meaning solid 
non-metallic impurities. An average analysis of these silicate in 
clusions is about as follows: 


Per Cent 


NR ot. gure Sol Skee Ds 69.53 
ns dl ald, Stark rare 1.51 
a i! 7.81 


Manganous Oxide ....... 


The high per cent of silica and the presence of aluminum 
oxide show, the origin of this material to be the combination of 
the reaction products with the clay or loam of the refractory 
linings. 

If the castings are fairly large, the sonims are found higher 
up in the castings, while smaller castings usually contain them 
equally distributed. If the particles are small and rounded they 
exert little influence upon the strength of the material, but when 
present in large numbers or spread over a certain section, they 
are detrimental in their influence. 

Alpha iron belongs to the cubie system of erystallization, and 
since silicate of manganese also belongs to the same system, the 
sonims offer nuelei for the deposition of the excess ferrite of low 
carbon steels, thus causing the formation of large ductile areas of 
territe segregation. If the sonims are fairly close together, these 
wreas join to form one large mass, which is difficult to absorb. 
Sonims, so finely divided as to approach colloid proportions, prob- 
ably key the planes of slip of the segregated ferrite, thus raising 
the yield point of such material but reducing the ductility. These 
segregated areas, together with dendritic structure, give rise un- 
(er microscopie examination to the hazy spots ealled ‘‘ghosts,”’ 
Which appear upon etched specimens, when this condition is not- 
entirely eliminated. It is nearly always necessary to resort to 
double heat treatment in order to prevent the redeposition of 
these ferrite structures. 
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When there is insufficient manganese present to rear. oy. 
pletely with the iron sulphide, the residual sulphide remai:< yy). 
ten and is deposited along the grain boundaries of the m. teria) 
This forms an intererystalline film, which has low strensth. , 
that when such material is put under stress, rupture tak place 
with a conchoidal fracture along the grain boundaries. Also, 
when the molten metal is passing from the liquid to the solid stat, 
and strain is set up through shrinkage, the metal gives way along 
these films and causes shrinkage cracks. It is probable that |) 
shrinkage cracks start at some form of sonims. Since these cracks 
act like notched bars a heat treatment to develop notch totiehness 
is necessary to restore this material. 

Another source of foreign inclusions in castings is the mate. 
rial washed from the molds during teeming. If the gate is iy 
properly located in reference to the vital parts of the castings. 
this scum or mold wash may be earried into the section, which 
must stand the most severe service, and thus lower its )liysical 


qualities to a marked degree. Tensile test coupons, when cast in 
such a position that they receive the wash from the mold, nearly 
always show a good yield point and high tensile test, but fail on 
elongation and reduction of area. This is due to the formation 
of intercrystalline films, decarburized areas, or ferrite segrevation, 
and is entirely the result of the position of the test coupon i 
reference to the gate. Coupons from the same material, located 
properly, would give excellent results. The two followin tests 
of medium earbon steel are typical of the above conditions: 


No. 1 No 


Yield Point (pounds per square inch)......... 40,744 

Tensile Strength (pounds per square inch)... .79,450 77,922 
Elongation—per cent in 2 inches............. 16.0 17.0 
Reduction of Area (per cent)................ 18.64 19.72 


The same material gave the following results on a tensile col 
pon which was properly situated in reference to the gate: 


Yield Point (pounds per square inch)..................95,141 
Tensile Strength (pounds per square inch).............. 69,204 
Elongation—per cent in 2 inches..............0..-e00--- 31.0 
SOOUNCIO GE GUOR COEF BONE) foo oc. oc cc cbeedeccke dive. 4 
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1925 





The diseussion of the foregoing difficulties, with which the 


| eat treater is forced to deal, have been confined to plain carbon 


steels for the sake of simplicity, but most of these problems are 
| oeneral for all types of castings ‘and the following statements can 


be considered as applicable in all cases: 

The composition of the material should be kept uniform, espe- 
cially in phosphorus and sulphur content. 

The residual manganese in the bath should be kept as high 
as possible before tapping, in order to completely deoxidize the 
metal. 

The deoxidizers should be added in such a form as to intimately 


mix with the molten metal. 


The casting temperature should be high enough to give good 
fluidity to the metal, but not so high as to cause undue cutting 


' of the refractory linings or too slow cooling in the molds. 


The refractory linings should be of a good grade to withstand 
the scorifying action of the metal. 

All castings should be properly gated with reference to the 
vital sections. 

Heat treatments must be of such a nature that all sections of 


> the castings are properly refined. This often requires a double 
treatment to secure the desired results. 


Sometimes special design of castings or special service condi- 
tions require physical qualities, which are impossible to obtain 
with normal earbon steel. In eases of this kind alloy steels are 
used and are given special heat treatments, some of which are 


' quite elaborate and expensive. 


A typical case ean be cited from the experience of the writer’s 


‘company. Inereasing severity of service rendered it imperative 
| that the design of a certain casting be changed or that the casting 
be strengthened by some other means. Since the design of the 
_casting was especially good for ease of operation it seemed best 
_to experiment on the composition and heat treatment of the cast- 
‘ing. After an exhaustive series of experiments at the Sharon 
plant a composition and heat treatment was determined, which 
»gave remarkable results. The elastic limit and tensile strength 


were more than doubled, while the ductility was equal to about 


) 67 per cent of that of plain carbon steel, the hardness being about 
equivalent to that of 0.70 per cent carbon steel heat treated to 
‘give the same ductility. 
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Realizing that this material was susceptible to vari: 
composition and heat treatment, electric melting and heat ‘rea; 
furnaces were installed, thus insuring greater uniformity 
uct. The results justified the expense and time taken for ¢), 
development of this material and many of these castings outliy, 
the other parts of the assembled unit. 

About this time the World War broke out and the atten 
of the nation became focussed upon shipping facilities. One 
the important items for equipping the merchant marine 
anchor chain and the usual sources for this material were hay 
pressed to meet the demands. Realizing the superior qualities 
the above mentioned steel it was felt that anchor chain could be cas 
from this material and heat treated so as to give as good sery 
as forged chain. Again the material more than came uj to ey 
pectations and, after much experiment, methods of casting an 
finishing the chain were developed, resulting in a product whic 
was more uniform in size and stood a test specification 40 per cent 
higher than any other chain of equal size, in fact the proof test 
this chain was equal to the breaking load of ordinary forged chai 
Thus necessity, the most exacting teacher in the school of lif 
forced the development of another superior commercial product 
and so the human race progresses. 
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sTAINLESS OR RUSTLESS IRON CORRECTLY 
DESCRIBED AS STABLE SURFACE IRON 


By P. A. E. ARMSTRONG 


Abstract 


Rustless tron is not entirely resistant to surface cor- 
rosion. The film-forming characteristic that protects 
these alloys from serious corrosion is also the cause of 
discoloration. They are only stainless when conditions 
are favorable, such conditions are, however, quite destruc- 
tive to ordinary tron and often to non-ferrous metals. 
Rustless trons must ‘be produced free from included dirt 
otherwise pitting will readily take place. 

Bronzes do not always cause rustless tran to corrode in 
the presence of an electrolyte, and care should be exer- 
cised to obtain a suitable bronze metal for bearing 
applications. | 

| pickled surface rustless iron is quite as good as a 
polished surface and less costly. 

Auto-electrolysis plays an important part, as shown 
hy results gwen in this paper. 

Cooking utensils, according to official test, are not free 
from danger. Rustless iron seems to be without harmful 
f f} ( ct. 

Physical properties of rustless iron will bear careful 
scrutiny; they can be improved by the use of alloys. 
Vickel does not appear to raise the proportional limit. 


TREMENDOUS Loss or IRON By RusST 


‘IR ROBERT HADFIELD’S figures on the yearly waste by 

corrosion have been so often quoted that the author apologizes 
for bringing them to your attention again, but the loss by 
rust per year is such a tremendous problem that these figures 
are well worth our serious consideration. More than 25 per cent 
of the world’s tonnage every year is lost by rust. When the 
production of iron and steel is curtailed, due to business condi- 
tions, the loss by rust increases, but the percentage of the loss by 
rust is the same whether business is good or bad. It is fair to 
assume that the attention paid to iron structures is probably less 
during bad business periods than is the case when business condi- 
tions are otherwise. During the year 1921 the loss by rust almost 
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\ paper presented before the Spring Sectional Meeting of the Society, 
B Schenectady, May 28, 1925. The author, P. A. E. Armstrong, member A. 8. 


S. T., Watervliet, N. Y. 
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equalled the total production of iron and steel during that year 
The annual production of iron and steel from the year 1x7) 
until 1913 apparently had a uniform increase, and if this unifory 
increase is plotted, the tonnage of iron and steel that should have 
been produced in 1924 would have been about 110,000,000 4, 
115,000,000 tons, whereas the actual figures were somewhere inde 
80,000,000 tons. Therefore, we are somewhat behind in the oy. 
mal production of iron and steel. 

According to reliable calculations it is shown that in 150 years 
from date the world will have depleted its known sources of jroy 
ore. The tonnage in 150 years from now, at the uniform rate of 
increase, would bring us to about 350,000,000 to 400,000,000 tons 
of iron and steel during that year. The loss by rust during tha 
year, if kept on at the present rate, would be more than the total 
yearly production of iron and steel as of today. 

From what can be gleaned from the technical press, the cost 
of painting iron and steel structures amounts to about $2.00 to 
$6.00 a ton of structure erected. These figures cannot be stated 
definitely unless some individual structure is taken into consid- 
eration. Obviously the cost of painting a sheet will be a great 
deal more than the painting of a large shaft, because a sheet has a 
tremendous area per unit of weight. Generally speaking, it could 
be said that in about seven to fifteen years a structure costs a 
much for painting as the original cost of the raw material. Fig. 
ures of this sort are not very reliable as to actual costs, but they 
serve as an indication of the tremendous constant repair bill and 
losses resulting from the use of a structural material that is s 
prone to deterioration because of atmospheric conditions. 

It is contrary to the modern thought to allow a continuation 
of a wasteful operation, or waste in any form. Engineers are 
naturally conservative—a wise attribute, but there is no occasion 
for the hesitancy that is being expressed by many concerning 
rustless iron and steel. These materials have been on the market 
long enough to be a demonstrated reliable product and quite large 
ly used. Many thousands of tons of this type of material have 
been made under one type of analysis or another, and few i 
stances are recorded where this material has failed, either structur 
ally or because of want of corrosion resistance. The latter onl 
demonstrates how tremendously destructive must have been the 
conditions to the more usual iron. 
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STAINLESS 





STEELS 


STAINLESS VERSUS STABLE SURFACE 


| nfortunately we have expressions that have been used during 
the last few years which are supposed to be descriptive for rustless 
‘ron and steel. The names referred to are ‘‘stainless iron’’ and 
‘stainless steel.”’ The name ‘‘stainless’’ was, perhaps, somewhat 
permissible as referring to cutlery. In this instance something 
that did not stain was of merit, as staining was the trouble that 
one experienced with most forms of cutlery. The names ‘‘stainless 
iron’? and ‘‘stainless steel’’ are unfortunate and have, perhaps, 
held back the development of the highly rust-resisting irons and 
steels as we know them today. 

A short time ago these useful iron alloys were often ecriti- 
eized and sometimes rejected because the surface stained. The 
United States Navy Department is one of the first users that the 
writer knows of, at least, which has endeavored to look upon this 
useful type of alloy from the proper viewpoint. One of their 
requirements accompanying all their requests for bids reads as fol- 
lows: ‘‘There shall be no progressive corrosion, erosion, pitting or 
scaling. Discoloration, staining and a slight roughening of the 
surface will be permitted, providing the usefulness of the part 
or parts is not affected thereby.”’ 

It does not make any difference to the hull of a ship, .a roof, 
a tank, a water pipe, and the many other uses to which this val- 
uable material can be put, whether the surface maintains its origi- 
nal color or not. 

The author believes that he was one of the first to recommend 
that this valuable type of material should be given an acid pickle 
finish, because this type of finish is quite as resistant to corrosion, 
as is the polished surface, so largely advocated. It is pleasing to 
know that those who originally advocated a polished surface are 
now willing to supply and recommend an acid pickled finish, par- 
ticulary for sheets. 

We have only to look into the iron of antiquity to see some 
wonderful examples of iron that has lasted a thousand or more 
years. Many attempts have been made to duplicate such irons 
and the engineers of today would be perfectly satisfied to build 
their structures out of iron and steel, which is as lasting as some 
of these ancient irons, and little would be heard about the surface 
conditions of these irons. The ancient irons in question are rusty 
on the outside; they have a brown finish. 
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There are probably many engineers and users of rustl; 
who are quite willing to make structures out of an iron t/ 


the surface characteristics of these ancient irons, but yet, at the 
same time, would reject a piece of rustless iron or steel whic 
developed a tarnished surface in the course of time. 

The names ‘‘rustless iron’’ and ‘‘rustless steel’’ are wii torty 
nate, but [ do not yet suggest a better name. One of mv diff 


culties is that if I say this iron is rust-resisting and not surfs 
rustless, | am mixing up, in the minds of the public and oe 
neers, a highly alloyed iron with an iron that is free from impuri 
ties, which goes under the name of ‘‘rust resisting iron.’’ It js 
of course, a rust resisting iron in some measure, but not. ve 
much. Therefore, if the so-called rustless irons and steels wer 
more accurately termed ‘“‘highly rust resisting irons,’’ the pu! 
lic would probably feel that they were not dealing with a materia 
that was free from progressive corrosion. 

After all, a name is a name and probably, as time goes o 
the word ‘‘stainless iron’’ and ‘‘stainless steel,’’ ‘‘rustless iro: 


and ‘‘rustless steel,’’ will all mean the same thing, namely 


surface that does not suffer from progressive corrosion, but does 
not mean, in any sense, a surface that will not become darkened 
stained, or discolored in some way. My suggestion would he th 


truly accurate name ‘‘stable surface,’’ or ‘‘ Rust-less.’’ 






FiLM-F'ORMING CHARACTERISTIC OF RUSTLESS IRON AND NSTEEI 


All the rustless irons we know of, namely, the high chromium 
silicon irons, the high chromium irons, the high chromium-nicke! 
silicon irons, the high chromium-nickel irons, owe their corrosion 
resisting properties to their film-forming characteristics. The 
surface of all of these materials quickly corrodes and forms : 
non-porous and continuous film of apparently colorless oxide. | 
have not been able to remove the film from a polished surface 0 
rustless iron or steel that apparently does not suffer from tarnis! 
ing or discoloration and analyze this film, so that I cannot sa) 
definitely that it is a film of oxide; but I think it would be fan 
to assume that as this film does form, it must be a film of oxide. 

It has been stated, and it seems reasonable to believe, that 
the irons of antiquity that still remain without serious corrosion. 
owe their corrosion-resisting properties to the film that is forme! 
upon their surface. This film is probably a form of silicon 
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‘yon, due to the way in which the ancient irons were manufae- 
tured—they were often hammered upon sandstone anvils and 
probably with stone hammers. This resulted in a non-porous pro- 
reatioan film which prevented the underlying metal from corrod- 
ng. Pieces of this ancient iron that have not suffered from cor- 
rosion have been removed and taken to other countries where 
the iron has rusted just about as quickly as ordinary iron, prov- 
ing, at least in some measure, that the iroh in question was not 
corrosion resisting but merely that the surface was. 

We also know that the surface of cast iron is rust resisting, 
due to the highly siliconized nature of the surface film. It is 
more rust resisting on its original cast surface than it is after it has 
been machined, although we do know that cast iron is rust re- 
sisting and more so than ordinary rolled bars or sheets. 





SURFACE OF STAINLESS OR RUSTLESS IRON AND STEEL. WILL 
CHANGE COLOR 

The film-forming characteristic of all of the rust resisting 
irous or stainless irons is the principal reason for their rustless 
properties. The oxide coating, sometimes quite transparent, is 
yvenerally cathodic to the underlying metal and we know that the 
rusty surface of ordinary iron is cathodic to the underlying metal. 
(his does not prevent corrosion in the instance of ordinary iron 
but assists corrosion. A corroding condition is set up, due to the 
ditterence of potential between the oxide and the underlying 
metal and in the presence of an electrolyte, whether it be the salt 
atmosphere that is to be found on our seaboards or the damp 
atmosphere of inland districts. 

lf the oxide surface is cathodic it should cause corrosion of 
the underlying metal. Why is it that with our rustless irons and 
steels the film does not add to the corrosion of the alloy but actu- 
ally inhibits it? It is probably due to the fact that the alloy in 
\uestion is covered with a non-porous and complete coating. If 
the coating becomes broken by mechanical abrasion, the alloy im- 
mediately establishes another coating. This is the reason why 
the rust resisting irons, no matter what their analysSis may be, 
olten lose their surface appearance and become tarnished, and at 
limes have the appearance of a slightly roughened surface with 
iscoloration. The oxide coating, protecting the underlying mate- 
does, will become thicker where the conditions are bad 


rial, as it 
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and if there is somé foreign body present upon the surface 9; 
this material the film will be thicker under this particular place 
than it is elsewhere. If the foreign body happens to be an oxide 
there may be a certain amount of chemical action going «1, |, 
tween the oxide of the rustless iron and the foreign oxide tha; 
has fallen upon it. This oxide will become finely divided whey 
mixed with water, as from the rain or condensation, and wil! } 
smeared over the surface of the rustless iron, thereby atffectino 
a large area, imparting to it a tarnished and slightly rusty ap 
pearance. 

If the surface is roughened with a piece of emery cloth, or 
scratched so as to remove the smeared portion, it is surprising 
how thin this corroded film is, and the original roll marks oy 
machine marks will be found under the slightly surface-corroded 
area. 

Rustless irons are not prone to pitting, although many in. 
stances of a slightly pitted. surface have been seen. The jitting 
ean be caused by foreign particles falling upon the surface or by 
those contained in the metal. If the surface of rustless iron is 
to be free from discoloration, and even if the steel manufacturer 
ean produce an absolutely clean rustless iron, then the falling of 
foreign oxide upon the surface of the sheet will often catise the 
surface of rustless irons to change color. As this is a fact ani 
we cannot change it, it would be as well for the engineers ani 
the public to recognize that in stainless or rustless iron and steel 
for industrial purposes we have a material that is going to last 
many hundreds of years; but its surface will change color with 


time but will not suffer from progressive corrosion. [1 other 


words, the surface will be stable. 

We have had bronzes with us so long that we are tempted to 
believe that bronze, copper, zinc, tin, ete., do not corrode. We 
raise no objection at all to the surface of these alloys, in fact. 
we want them to corrode on the surface. We have gotten so ac 
eustomed to the discolorations, staining and tarnishing of coppe! 
and bronze that we prefer the color of oxidized bronze or. if | 
may use an incorrect term, a rusted surface, as it were, of bronz 
and copper. Some architects will specify sheets of copper to he 
chemically treated, so that the beautiful green color arising from 
surface corrosion is quickly obtained. 

We are so accustomed to seeing the surface of iron a dark 
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red or bronze color, and dirty to handle, and to associate this 
condition with destructive rust, that we object to the color and 
surface appearance, whereas, as a matter of fact, the color is 
hardly objectionable. It is merely the conditions that go with it 
that we object to. 

if our rustless iron takes on a somewhat bronze appearance 
that is not associated with destructive corrosion, then we will pre- 
fer to see our buildings sheathed with rustless iron that takes on 
this restful color. I would prefer to see a building with a restful 
hronze-brown color than I would to see a building of the color of 
valvanized iron or frosted silver. 

Can we, therefore, learn to associate the tightly adhering 
smooth-texture slight brown color oxide as an accompaniment of 
our rustless or stable surface iron and steel as a sign of success 


rather than as the commencement of failure, the same way as we do 
with bronze? 


STAINLESS AND RustTLess IRON AND STEEL WILL REMAIN 
UNTARNISHED 


The polished or pickled surface of rustless iron will remain 


bright and free from tarnish under favorable conditions (such 
as household and hotel service) and a bright surface is easily 
maintained by a slight cleaning, so that where a bright sur- 
face is demanded—and there are many instances where such a 
surface is of importanee—then these surfaces are available in the 
rustless irons and steels. 

Turbine blades, as an instance, need to be finished so that 
the surface is smooth and maintained free from surface roughen- 
ing. This ean be readily accomplished with rustless iron. The 
surface of the blades will remain smooth, although slightly tar- 
nished, for many years. The cause of discoloration arising from 
surface-adhering foreign particles does not readily happen in a 
turbine; the blades are scoured off by the action of the steam. 
(Quickly moving water seems to have the same effect. 

‘rom my experiments with samples of rustless iron immersed 
in the ocean where the water is flowing pass the sheet by the 
action of a tide, as in an estuary, the sheet seems to remain prac- 
tically free from surface discoloration and to a much greater ex- 
tent than a similar sample tested in a salt spray test bath. The 
reason for the difference, in my opinion, is the mechanical action 
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of the moving water. I have found that in a salt spray whey, 
the amount of moisture is great so that the surface of ¢| 

ples is always flooded with the water, the rust that ma 
upon the surface of these irons and steels is slight and can j, 
removed by being washed and rubbed with the fingers, |; 
probable that the rust is the result, not so much of the .; irfac: 
itself changing color, due to a thick coat of oxide, but more like 
due to the rust that is present in the water pipe or steam Jip, 
feeding the salt spray test. 


Sal) 


forn 


TESTING BY SALT WATER SPRAY AND STEAM 


The rustless iron and steels that I have tested resisted corro 
sion for such an abnormally long period under this type of tes} 
ing that 1 had to abandon the tests. I found a more destruetiy: 
test with the use of a salt spray in a live steam atmosphere and 
run the samples just long enough for them to get to about th 
temperature of the steam; then remove the cover and allow th 
samples to dry off in the atmosphere and repeat this time afte) 
time. More rust could be produced upon the surface of thes 
alloys in a week’s running with this type of test than. could by 
produced in twelve months of the more usual salt spray test. | 
might say that this later modification of the salt spray test has 
surface-corroded, stained and tarnished every alloy that comes 
under the name of rustless iron and steel or stainless iron an 
steel, whether hard, tempered, or annealed. They all suffered 
from surface corrosion and lost their brillianey, even though thi 
surfaces of some of the samples were highly polished and _ others 
were acid-pickled. The acid-pickled ones stood this drastic tes' 
a great deal better than any of the polished samples and whe! 
the samples were cleaned off, the acid-pickled samples showed no 
pitting at all, whereas the polished surfaces showed some sigis ©! 
slight surface pitting and roughening. This was to be expected 
although contrary to the generally held opinion. The explana 
tion is that the acid-pickled sample is given a substantial thick 
ness of oxide by chemical treatment and then becomes more 'e 
sistive to corrosion. 

An oxidizing acid, such as nitric acid, is best for finally pick 
ling the chromium and chromium-silicon irons, as this produces 
upon its surface an oxide film, whereas, if the surface is pickle’ 
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vith sulphurie acid, the surface will rust readily and _ the 
appearance of the pickled surface before test is not as good-looking 
as that of the nitric acid pickled sample. The author attributes 
the difference to the fact that the sulphuric acid pickling removes 
4 great deal of the chromium and silicon from the surface of the 
sample, removing a greater quantity of these two elements than 
t does iron; Whereas, nitric acid will remove the iron but it does 
not have any marked effect upon the chromium and the silicon. 
This can be proven by pickling the surface of rustless iron in a 
solution of sulphuric acid and water and analyzing the acid after 
vickling; and then doing the same thing with nitric acid and 
water. There is many times more chromium and silicon taken 
out of the surface than there is iron by the sulphuric acid. 
and the pickling in nitrie acid after pickling in sulphuric acid 
will show by analysis that the liquor is rich in iron but contains 
practically no chromium and silicon. 

Cases have been observed of the corrosion of various analyses 
of rustless iron or steel where they have been in close contact with 
bronze. When a rustless iron or steel is to be used as a shaft and 
run in a bronze bearing, local corrosion is an important factor. 
It is likely to pit the rustless shaft which will tear out the bearing 
and, at the termination of the bronze bearing, there is gererally 
some corrosion pitting which may weaken the shaft; this type ot 
corrosion is quite undesirable. 

The writer has conducted a few electrolytic experiments 
with various bronzes with one of the types of rustless irons to 
determine the extent of corrosion due to electrolysis. Bronze is 
an alloy of copper, zine and tin. Copper and zine have the oppo- 
site polarity. It is a simple matter to alloy copper and zine to- 
gether so that there is little potential difference between the 
bronze and the surface of the rustless iron, or the bronze can be 
given an electro-positive or anodic potential, and the rustless iron 
maintained cathodic. Therefore, if there is any corrosion at all. 
it will be on the bronze rather than upon the shaft. It would, 
of course, be better to have an equi-potential between these two, 
but if that cannot be readily obtained, then there should be a 
slight potential difference between the two where the bronze is 
anodic 

in conducting some salt spray tests of the drastie variety, 
we find that where the bronze is cathodie to the rustless iron, 
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there is a fair amount of corrosion set up on the rustle 
near the termination of the bronze; and where the brozze jg 
anodic, there is practically no corrosion at all on the surfice of 
the rustless iron. There may be some rust marks which are read. 
ily wiped off, but there is no pitting. The surface of the jon. 
quickly becomes dulled and apparently corroded, althoue! yo 
seriously pitted, if at all. The author believes that the electro. 
lytic experiments, such as he has conducted and as givei here. 
will be a quick index for determining the class of bronze, or whit, 
metal, that should preferably be used in conjunction with the 
rustless iron shafts. 

Zine in contact with rustless iron Alloy A will actually deposit 
zine on the surface of Alloy A, the zine is strongly anodic. Thi 
peculiar or accentuated condition has great practical application. 
Sheets of rustless iron Alloy A can be placed against galvanized 
iron without fear of corrosion as far as Alloy A is concerned; also 
Alloy A could be galvanized and tremendous resistance to atmos- 
phere corrosion thereby obtained. I realize this may not be desir. 
able but galvanizing the lower chromium-silicon alloys such as 
Alloy D is worthy of very serious consideration and further 
experiment. (See Table I, page 180.) 

The riveting of rustless iron does not seem to have any seri. 
ous effect upon the surface. ‘To determine whether the hull 0: 
.a ship, such as is proposed to be made at the present time, could 
be riveted with rivets made of the same material as the ship, and 
whether or not these rivets would corrode the plate against which 
the rivets were hammered, we drilled a plate and hot-headed some 
rivets in place, and submitted the specimen to the drastic salt 
spray test described. Over a period of three months we found 
that the surfaces of both the rivets and the plate have taken on 
a greenish color with some amount of brown surface discoloration. 
With an ordinary fiber scrubbing brush the slight surface cor- 
rosion was removed and there were no signs of pitting or corro- 
sion between the surface of the rivets and the plate.: A rivet and 
plate were then cut in’ half and polished and there were no signs 
of corrosion on the inside of the hole or down the side of the 
rivet, or under the head...‘Under these circumstances it will be 
perfectly safe to rivet the hull plates with the similar type © 
stable surface alloy or rustless iron. 

In this test the rivet was left with the hot oxidation upon 1, 
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although the plate itself had been pickled. Other plates and riv- 
ets were selected and pickled after the hot riveting, not because 
this had any practical application, but just for the information 
+ would give. It was found there was no more corrosion on one 
than the other, but the oxidation arising from high temperatures 
had been entirely loosened and removed by the action of the salt 
spray. From this it would appear that a hot riveted hull of a 
ship would have the oxide removed by the action of the sea- 
water, first loosening the oxide and the moving water then tak- 
ing away the loosened scale. 

~The surface of the hull would, undoubtedly, take on a green- 
ish color, with some amount of brown marks upon it, but it would 
not suffer from pitting or progressive corrosion; it might easily 
be badly discolored with an extremely slight surface roughening. 
Where there was dirt present in the surface of the plates we would 
expect to find at these particular spots that there was a slight 
pitting until the offending portion had been removed auto- 


matically by the action of the salt water and probably some elec- 
trolytie action. 


Dors CoLD WorRKING AFFECT THE CORRODIBILITY OF RUSTLESS 
IRON AND STEEL? 


Much has ben stated about the deleterious effect of cold work 
upon rust resisting irons and steels. It would be incorrect to 
say that non-uniform cold working (cold working by hammering) 
would have little effect upon the surface of rustless iron or steel. 
I believe it does have some effect on those high chromium irons 
that are insufficiently high in chromium to have a margin of safe- 
ly as far as rust resistance is concerned. For instance, alloys con- 
tainnmg 11 or 12 per cent chromium, and the higher the carbon, 
the lower the corrosion resisting properties, if hammered, would 
lave a tendeney to corrode at the part that has been cold worked 
by hammering. Those alloys containing a higher percentage of 
chromium and silicon, for instance, around 16 per cent chromium 
and somewhere in the neighborhood of 1 per cent silicon, have a 
wide margin of safety and are more rust resisting than the lower 
chromium-silieon alloys or straight chromium alloys. ? 

These higher chromium-silicon alloys, if cold-worked, whether 
uniformly, as by eold drawing, or non-uniformly, as by ham- 
mering, do not appear to suffer from selective corrosion. Riv- 
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eted joints do not corrode around the rivets, even thou: 
have been cold-worked. Physical test specimens that hay. jou 
pulled, and submitted to a salt spray test, show no mor 
sion on the highly stressed portion than they do upon t! 
parts of the test specimen. The lower chromium materia! gh, 
decided rusting on the stressed portion and considerable )jttin, 
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A fractured bar of the higher chromium-silicon material wil! «.. 
velop a number of rust spots which can be readily washed oj 
while the lower chromium material will show an undesirable hea, 
surface corrosion on the fracture. 

It is believed that the statements about the bad effects of 
working are incorrect. It has been seriously stated that co|i 
working will cause these materials to rust and that if the surtay 
is polished, they will be in a highly resistant state. We all kno) 
that a highly polished surface, unless carefully done, is bad\ 
cold-worked. Those who have had the opporunity of studyin 
specimens under the microscope will know it is easy to smear th, 
surface, which will prevent a clear examination of the surface. 
even though it is acid-etched. This smearing of the surface }) 
polishing is cold working. As a matter of fact, the author ha 
seen more surface corrosion on the so-called stainless irons and 
steels resulting from indifferent polishing than from a cold-roll 
or cold-drawn surface. A cold-drawn or cold-rolled piece of ma 
terial is not only cold-worked upon its surface but often con. 
pletely through. 

In polishing, great care must be taken that the surface is 1 
dry-polished, as this is one of the easiest methods of setting 
a decided amount of corrosion. Dry polishing generally results 
in over heating the surface. The surface will discolor badly ay 


even though this discolored portion is cleaned off, it will gene 
ally corrode at this particular place. 































































































CookINnG UTENsILS SHOULD BE MADE oF STABLE+SuRPACI 
Rust Less-l Ron 

The author would like to include a translation ‘and: synopsis 
of a valuable paper, prepared by K. K. Jarvinen of Finland. This 
investigation was with food and food acids on various types.0! 
materials that have been, or could be, used for cooking utensils, 
including enamelware. It is interesting to seé how muel of tl 
enamel and metal passes into solution due to the food acids or salt 
and water. 
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writer tested a 16 per cent chromium, 1 per cent silicon 
nder about the same conditions as those given in the paper. At 
rhe end of the test the liquor was chemically analyzed 
nd colorimetrically tested by a qualified chemist and he did 
not find that any of this particular type of rustless iron had 
passed into solution with the liquor. From this I think we ean 
say that the rustless iron tested is proof against these various 
food acids and salt and water for the period of the test, and would 
seem to be a more reliable product for cooking utensils than the 
ther materials tested, which include many of the non-ferrous 
materials whieh have been heretofore considered corrosion-resist 
ant and also better than the particular enamel vessel that was 
tested 

Knamelware undoubtedly differs, the enamel of one vessel 
being different from another, therefore it would be unfair to say 
that all enameled vessels would behave in exactly the same way 
as the sample tested. I have no knowledge of what enamel was 
used on the particular vessel tested, but believe it was an ordinary 
ood grade of cooking utensil. 

The following is a shortened translation and abstract of the 
paper referred to: 

The author’ devotes a considerable portion of the paper to 
the methods of determining minute quantities of metals and or- 
ganic substanees, and comes to the conclusion that the colorimetric 
method is the more accurate and the quickest method. He gives 
a complete deseription of the combustion method for determining 
organic substances. 

One of the requirements for testing is that all solutions shall 
he free from organie coloring, oxidizing or reducing substances 
which are foreign to the solution. He obtains this result bv the 
combustion method. For the color test, he prepares a number of 


+ 


est solutions and gives a complete method for making up these 


Tes 


t solutions which are: 






Tin Zine Nickel 
Lead ° Brass Arsenic 
Copper Aluminum Antimony 


on in Part and Extract from a Paper prepared by K. K. Jiirvinen of Helsingfors, 
\d Zeitschrift fiir Untersuchung der Nahrungs- und Genussmittel sowie der Gebrauchs 
eegenstiinde’’ “Organ des Vereins Deutscher Nahrungsmittelchemiker’” 1923. Vol. 45-4th Sec 
tion. Destruction of Organic Substances and the Colorimetric Determination of Metallic 
\ K. Jirvinen. Communication from the City Laboratory for Hygienic In 
Sigation, City of Helsingfors, Finland. 
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In the appendix of the paper he gives the results 
on cooking utensils which has been translated and read: 
lows: 

‘‘The experiments were made in the City Laboratory ty ,. 
termine what quantity of metals will go into solution froin pq; 
nary cooking utensils. To facilitate these determination: 
stuffs were not used, but specially prepared solutions. | or jp. 
stance, it was found that 250 grams of a 40 per cent sugar goly. 


tained 


as fol. 


9 ood. 


tion, containing 1 per cent citric acid, upon being boiled for ty, 
hours in a copper kettle, will dissolve 25 milligrams of copper, 
whereas ordinary currant juice containing 1.29 per cent citric 
acid, with 40 per cent sugar, dissolves about the same quantity, 


namely, 20 milligrams. Therefore it is quite permissible to use the 
specially made up solution previously referred to. 

‘The first solution, therefore, could be used and _ solutions 
containing 2 per cent of citric acid were tested. The boiling time 
was four hours. 

‘*To duplicate the solubility of salted foods a 5 per cent w. 
lution was employed. The author used 250 grams of solution 
which was slowly boiled in a covered vessel from two to four 
hours and as the water evaporated it was replaced. Of the 250 
grams of sugar solution, 20 eubic centimeters or 28 grams were 
combusted by the author’s method, as outlined in the beginning. 
The metal was then determined colorimetrically. 

It is natural that more metal dissolved in the 2 per cent citric 
acid solution than in the 1 per cent solution and more in a 4-hour 
boiling period than in a 2-hour period. These quantities, hovw- 
ever, are not in direct proportion.’’ The results obtained varied 
considerably, which depended mainly upon how clean the metal 
surfaces were from oxides, and the author notes that it is hard 
to maintain the surface free from oxide and of equivalent clean- 
liness. 

Average results were, therefore, calculated based on a boll: 
ing time of three hours; 1.5 per cent citric acid solution and the 
other for 5 per cent salt solution. As an instance, 101 milligrams 
of copper were dissolved in a 250-gram solution. The wetted sur 
face of the vessel measured 3.9 square decimeters, whereas the 
entire surface was 10 square decimeters. 

For one square decimeter, 25.9 milligrams of copper well 
into solution. Calculated on the entire interior surface of the 
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vessel, this amounts to 259 milligrams, and the content of the ves- 
sel would be 4 kilograms of juice. In one kilogram, 65 milli- 
vrams Of copper were dissolved, which corresponds to the solu- 
bility of the juices containing sugar. By boiling 3 hours one 
kilogram of solution will dissolve the following: 


Fruit juices 40% sugar— Solution with 
Nature of vessel 1.5% acid, citric 5% salt 


lron 1400 mg. iron 104 mg. iron 
Copper (not tinned) 65 mg. copper 70 mg. copper 
Copper tinned 27 mg. tin 7 mg. tin 

Nickel 76 mg. nickel 4 mg. nickel 
Aluminum 120 mg. aluminum 9 mg. aluminum 
Brass 0.5 mg. = 1.2 mg. Copper 
Brass 2.1 mg. zine 2.0 mg. zine ; 
Enameled 6000 mg. enamel a 


irom the above it seems that salty foodstuffs dissolve much 
smaller quantities of metal than those containing citric acid; with 
the exception of the untinned copper vessel they can all be used 
in the preparation of salty foodstuffs. 

In the juices containing citric acid and sugar, much greater 
quantities of metals were dissolved. For the preparation of food- 
stuffs vessels of copper, tin, nickel, aluminum and iron (not rust- 
less iron) can no longer be considered as harmless. 

The brass vessel unexpectedly showed a low solubility and 
it only gives off traces of copper and zinc. From a hygienic 
point of view it would appear that a brass vessel could be used 
for cooking. 

The enameled vessel which was tested showed a high solubil- 
ity which, according to the author of the paper, precludes its be- 
ing used for the preparation and cooking of foodstuffs. 


Poisoning Through Canned Goods 


In March, 1922, two persons brought to the City Laboratory 
one tinned.eontainer of sardines for investigation. They had 
suffered poisoning effects after having eaten a portion of them. 
The sardines appeared dull and the tin on the inside of the can 
appeared black. Poisoning by tin was suspected and an investi- 
gation proved that the contents of the can contained 104 milli- 
grams of tin per gram of contents. This caused an investigation 
of all canned goods on the market. 
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Various grades appeared to be old stock, and these 
bought and tested. In all the stores visited they found old . 
goods, particularly of foreign manufacture, some of them as inyel 
as eight years old. The contents appeared rusty on the oiitside 
and the tin was mostly dissolved on the inside, although the eo, 
tents of the containers were sterile. 

In the tinned containers of sardines, which were apparent), 
aged, the analyst found between 72 and 80 milligrams of tin sen 
100 grams of contents. The contents of a tinned container of 
herring analyzed 45 milligrams of tin; in an old ean of spinac! 
100 milligrams were found; and in a can of tomatoes 68 mill; 
grams. 


nned 


The new tinned containers of canned goods as well as som: 
tinned goods made locally, containing anchovies, contained on|; 
a few milligrams with a few exceptions, and they appeared to 
be of first class product, although one of them contained 36 mil 
ligrams of tin. The contents of tinned containers of meat con 
tained little tin, although old ones showed the tin content as by 
ing 10, 19 and even 29 milligrams. 

It is apparent that poisoning could be traced to tin. Th 
author states that during the war in 1918, the soldiers who con 
sumed large quantities of sardines became ill and were prostrated 
in large numbers. He mentions the name of one man who was 
taken ill after having eaten from a tin container of herring which 
contained 103 milligrams of tin per 100 grams. The author draws 
attention to the fact that the aged sardines may have been slight 
ly contributary, although the sardines showed no signs whatever 
of decomposition and were sterile. 


ELECTROLYTIC TESTS 


The following electrolysis tests were conducted, using 
an electrolytic cell composed of a salt water solution of 12 
density. The test pieces were kept 2 inches apart in the beaker. 
The same amount of external resistance was used in the line and 
the millivolt reading of the instrument was not as high as would 
have been the millivolt reading on the instrument had the re 
sistance been omitted. The millivolt meter employed for thes 
tests did not have a sufficiently high reading scale to correctl 
read the maximum amount of potential difference in some samples 
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in order to keep the indicator within the scale, an arbitrary 
amount of resistance was chosen. It was not changed during the 
running of the experiments, therefore all the potential readings 
in millivolts are relative one with another but do not represent 
the accurate figure in millivolts. 

As each of the materials tested has a trade name, a sym- 
bol has been substituted for each-of the trade names of the mate- 
rials and the analyses of the various materials tested were deter- 
mined and are recorded in Table I. 

lt was necessary to choose one of the materials as a stand- 
ard to test all the other against, and the author chose rustless iron 
Alloy A as being ,the material with which all the others were 
compared. 

lt is interesting to note that Monel metal, if attached to 
Alloy A rustless iron, will be the one protected in a salt water 
solution and Alloy A will corrode, as there is a potential dif- 
ference of 22 millivolts. 

Alloy A attached the same way to manganese bronze, of the 
analysis given, would result in the manganese bronze being cor- 
roded in preference to the Alloy A, the latter being protected be- 
cause it is cathodic. 

Two types of bearing bronzes were tested of different analy- 
sis and bearing bronze No. 1 would be expected to be corroded 
when in contact with Alloy A, whereas bearing bronze No. 2 
would have a tendency to corrode Alloy A; therefore in choos- 
ing a bearing bronze in which to run an Alloy A shaft it would 
he preferable to use bearing bronze No. 1 from the auto-electroly- 
sis point of view. 

Alloy A with a bright surface tested against a carbon pen- 
cil has 100 millivolt potential difference, Alloy A being anodic. 
Alloy A nitrie acid pickled is still anodic but only to the extent 
of 44 millivolts. Therefore, I should expect to see that carbon 
or cinder falling upon a sheet of bright rustless iron would have 
i greater tendency to surface corrode than if the rustless iron 
Were pickled with nitric acid. In practice this is the case. 

Alloy A tested with ordinary iren shows that the iron is 
anodic by potential difference of 22 millivolts, therefore the rust- 
less iron would not ‘corrode away and the ordinary iron would. 
AS a matter of fact, practice has shown this to be the case. 

Rusty iron tested with bright iron shows there is a still higher 
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potenticl difference and that the rusty iron is cathodic to the 
bright iron. Under these cireumstances we should expect to find 
that rusty iron will continue to rust. Our tremendous yearly loss 
by rust amply proves this. 

Alloy A that has been heated to high temperatures so that 
an oxide film is produced on the surface, when electrolytically 
tested this film is strongly anodic to the bright surface of Alloy A 
which would have the effect, if it were a porous oxide, of protect- 
inx the underlying layer of the metal. The nitric acid pickled 
surface is eathodie to the bright surface of the rustless iron. 

The atmospheric corroded Alloy A iron is also anodie to the 
Alloy A bright surface. This is probably the reason why a bright 
surface has a tendeney to become discolored. The surface rust 
is the part that is likely to continue rusting, whereas the underly- 
ing material should be protected if auto-electrolysis is a factor. 

The nitrie acid pickled Alloy A being cathodic to the under- 
lying material would not have as much tendency to change color 
as the film that is anodie, but the cathodic film would cause the 
underlying material to corrode if the layer were porous. It so 
happens the layer is not porous and the underlying material does 
not corrode. These differences seem to be obvious in practice. 

‘he author recognizes that if a film is complete, auto-electrol- 
ysis is not of great importance but a complete film is a theoretical 
condition. 

The high nickel-chromium-silicon steels are, in some instances, 
cathodic to the Alloy A. In one instance where the chromium 
content is higher Alloy A is eathodie to the high nickel-chromium- 
silicon steel. The potential difference is only two millivolts, so 
that it is near an equi-potential. 

Stainless iron of high chromium, low carbon and practically 
no silicon is anodie in each instance to Alloy A rustless iron. 
Where both samples are bright there is a six millivolt potential 
difference between the stainless iron and the Alloy A rustless iron 
containing high silicon; where the Alloy A rustless iron has been 
nitric acid pickled, there is a twenty millivolt potential difference 
between it and the anodic stainless iron. This being so, it would 
not be desirable to join these two pieces of metal together in the 
presence of an electrolyte if corrosion is to be avoided. 

In every instance IT have found that the higher the chromium 
the more eathodie is the sample. The stainless iron tested was 
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Material 
Monel Metal 
Bright Alloy 
Bright Alloy 
Bright Alloy 
Copper 
Bright Alloy ! 
Bearing Bronze No. 
Bright Alloy A 
Bright Alloy A 
oe Alloy A 
Carbon 
Oxidized Nickel 
Bright Nickel 
Oxidized Nickel 
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Iron Rust 
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Rusty Surface Iron 
Bright Alloy A 

















Bright Alloy A 
Bright Alloy A 
Bright Alloy A 
Bright Alloy A 
Bright Alloy K 
Bright Alloy A 
Bright Alloy A 
Bright Alloy A 
Bright Alloy A 
Nickel-Silicon- 
Chromium Steel No. 8 

Bright Alloy A 
Alloy E 

















































































































Nitric Acid Pickled Alloy 


Nitric Acid Pickled Alloy - 


Nitric Acid Pickled Alloy 
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practically of the same chromium and carbon analysis as . 
the latter, of course, contained high silicon, so that chro 
not the explanation of Alloy A being cathodic and neith 
silicon difference, because silicon is strongly anodic to boih. 
These tests are interesting but cannot be taken as an alsolyt, 
guide as to what can be expected as to rust formation upon thy 
surface of rustless iron when in good electrical contact with a 
other metal immersed in an electrolyte; but this method of tey 
ing does offer a quick, rough means of giving one an indicatioy 
of what can be expected from two unlike metals in an electri: 
eontact in a damp or saline atmosphere. 
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Material Anode j 
Bright Alloy A “ 
Manganese Bronze No. 3 

Aluminum 

Bronze No. 4 


Bright Alloy A “ 1] 
Bearing Bronze No. 1 _ 48 
Bright Alloy A “ 8 
Magnesium (Oxidized) or l4 
Magnesium (Bright) in 14 
Alloy A (Oxidized Chemical) ” 


Bright Alloy A 
Bright Alloy A 


Bright Alloy A > l 
Bright Nickel 7 
Bright Alloy A 7 l4 
— Acid Pickled Alloy A ” { 

in 


Babbit No. 5 

Babbit No. 6 

Babbit No. 7 

Zinc 

Bright Iron 

Bright Alloy A 
Bright Iron 

Bright Iron 

Stainless Iron 
Stainless Iron 

Heat Oxidized Alloy A 
Atmospheric Corroded Alloy A , 
Bright Alloy B 3 ‘ 
Bright Alloy C " 
Bright Alloy A 

Bright Alloy D 

Bright High Speed Steel 

Bright Stainless Steel (Hard) 

Bright Cobalt-Chromium Steel 


Bright Alloy A 
Bright Alloy F 
Bright Alloy A 


I. have had instances drawn to my attention where rustle 
iron has corroded, pitted and necked down where working in : 
bronze bearing and my suggestion in this matter has generill) 
been—try some other bronze that does not have such a big potel 
tial difference. The bronzes ‘tested bear ‘this out; some of them 
would cause the rustless iron'.to corrode and others should 1! 
as far as electrolysis is concerned., There are undoubtedly othe! 
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ayses of corrosion besides that of auto-electrolysis but in a good 
nany instances corrosion between two unlike metals is largely a 
function of auto-electrolysis. 












| would like to draw attention to an able paper? prepared by 
Jerome Strauss, material engineer of the United States Naval Gun 
Factory, Washington, D. C., and J. W. Talley, assistant chemist 
of the same place. My contention that the surface of rustless 
‘rons can be expected to discolor and that this discoloration does 
not materially affeet their usefulness is well brought out in this 


v aper 







PHYSICAL PROPERTIES OF STAINLESS OR RustTuEss IRON 





The low proportional or elastic limit of stainless iron has been 
dealt with by the author of the paper just referred to. 
\lonypenny,® however, stated that stainless iron has a yield point 
of 45,000 pounds per square inch and gave no intimation of low 
limit. I presume this important point was omitted as the 
\lonypenny paper deals extensively with how strong stainless iron 
made, not how weak it really is. As a matter of fact the 

elastic limits are quite low and the proportional limit, 
> the true elastie limit, 


ably 








elastic 


can be 
which is 
as given by Messrs Strauss and Talley, co- 
incide with my own determinations for soft bars and they vary 
from 20,000 to 30,000 pounds per square inch. 

| would like to draw attention to a number of published fig- 
concerning the physical properties of this type of rustless 
You will find that great silence is maintained as to the true 
proportional limit of these alloys and where they are given, the 
figures are often ineorrect if they refer to a soft bar. 

Figures of 40,000 to 160,000 pounds per square inch are 
viven as the proportional limit. These are incorrect for a soft 
dar, therefore it must be presumed that the proportional limits 
of such tremendous figures must have been predicated upon some 
type of heat treatment, more, probably, 













ires 


iron, 


cold working, or unless 
the carbon is around 0.50 per cent, where it does not, in my opin- 
ion, come under the heading of rustless or stainless iron. 


“( n-Resisting, Heat-Resisting, Electrical-Resisting Alloys—A symposium held in 1924 


Annual Meeting of the American Society of Testing Materials at Atlantic City, N. J., 
‘ges 33 to 74 ine. of the paper by Jerome Strauss and J. W. Talley. 





_ 4 paper “Stainless Steel with Particular 
bv John H. Monypenny, TRANSACTIONS 
| Engineers; February, 1924. 


Reference to 


the Mild Variety 
of the 


American Institute 


(Stainless 
of Mining and 

















TRANSACTIONS OF THE A. 8. 8. T. 





SomE Errects or ALLOYS ON HigH CHROMIUM Ir: 


Rustless iron, which has such a low proportional limit jy ¢}, 
soft condition, can be greatly improved by the addition 0} alloy, 
The proportional limit can be raised to a minimum of abou £5,000 
pounds per square inch, which is practically double those of th 
figures obtained from actual test of the high chromiuni irons 
It is fair to expect that alloys will be added to rustless iron 4 
place them in the steel class as far as physical properties are ¢op. 
cerned. Nickel does not appear to be the alloy which oes jy. 
part to these rustless irons a high proportional limit; on the cop. 
trary, it seems to have the opposite effect. 

Rustless iron and steel for general uses where machining js 
of great importance precludes the use of sizeable quantities 0 
nickel. The writer’s work on nickel-chromium-silicon steels dates 
back to 1917 and he has yet to find one that could be called easily 
machinable. They are all difficult to work at high temperature 
and are tender in the ingot. They are rust resisting but not any 
more so than the high chromium-silicon irons. They are interest. 
ing, however, from the color that forms upon the surface due to 
the corrosive action of the atmosphere or salt water. 

The high nickel-chromium-silicon or the high nickel-chromiu 
rustless irons have a tendency to turn green in use, whereas the 
straight chromium or chromium-silicon, or chromium-copper, or 
chromium-silicon-copper alloys have a tendency to turn to a mix- 
ture of green and brown and more often brown than green. 

The high silicon-chromium irons, low in earbon (under 0.1) 
per cent carbon) are the ones that have the greatest future from 
the extremely corrosion-resisting point of view and the various 
papers that have been presented on this subject and particularly 
the valuable one referred to before by Messrs. Strauss and Talley, 


show that 15 per cent chormium or more should be used for this 
type of rustless iron. I ean go further than this and say that 
an additional element is necessary when using high chromium. 


The silicon-chromium alloy has a number of useful properties 
besides atmospheric corrosion, and it is probably interesting 1 
know that this type of alloy with 7 to 9 per cent chromium ant 
3.5 per cent silicon is used largely for heat resisting applications: 
most of the automobile valves of American made ears are made 
from this grade of chromium-silicon steel. 
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airplane altitude records of today have been possible due 
development in the rustless field, otherwise the valves 

vould have burned up due to the excessive temperatures. 
The high flights have ealled for a supercharger and, due to 
the work of one of our large electrical companies, a supercharger 


has been developed from one of the corrosion resisting chromium 


silicon steels. 

Silicon and iron are not scale-resisting when heated to high 
temperatures. At about 1350 degrees Fahr. (732 degrees Cent.) 
it starts to seale but, providing a small amount of chromium is 
employed, the temperature at which the scale begins to break 
down is increasingly elevated up to about 3 per cent chromium 
and from 3 per cent up to about 9 per cent chromium with sili- 
con running about 3.5 per cent the breakdown point is about the 
same, nearly about 1750 degrees Fahr. (955 degrees Cent.). If 


' the silicon content is raised by about 1 per cent, making ap- 


proximately 4.5 per cent, then the temperature at which the alloy 
can be elevated before the scale starts to break down is proba- 
bly raised to the high figure of 1850 degrees Fahr. (1010 degrees 
Cent.). 

The chromium-silicon series of the stable surface materials 
have remarkable properties and for a good many uses where re- 
sistance to high temperature is to be met, the inexpensive alloy 
of about 3 to 4 per eent chromium, with about the same amount 
of silicon ean be employed. It seems quite remarkable that such 
a low alloy content should have such tremendous resistance to 
progressive oxidation at high temperatures. This is, perhaps, not 
so remarkable as it at first appears if one takes into consideration 
the fact that silicon is a light element. 3.5 per cent silicon is 
equivalent to about 13 or 14 per cent of the alloy by volume, 
therefore about 17-18 per cent of the iron or steel is alloy by 
volume. 

The immediate future in front of rustless irons of the various 
types, whether developed in this country or other countries, is 
cooking utensils, roofing, sheets, tanks, plates, shafts, pipe and 
tubes, steam pipes and tubes. 

The nickel-chromium-silicon alloys containing about 22 per 
rent nickel and varying chromium contents with varying percent- 
ages of silicon have not yet been successfully pierced, so that their 
possible applieation for tubes is still a future development, but 
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the chromium-silicon stable surface alloys can be 
pierced and hot-rolled. 


SUC sTully 


LARGE TONNAGE Uses or RustLess IRON at Han 


Brass tubes have been largely used for conveying liquids 
and steam and they are, of course, superior to iron from t! 
of view of resisting corrosion; but they, nevertheless, 
sometimes badly, and condenser tubes made of brass or prone 
have been the subject matter of an extensive investigation fo; 
many years past because of their variable behavior and often quit, 
serious failure. 


c point 
orrode 


Rustless iron which can be successfully pierced will, in 4 
short time, replace a large quantity of the brass and bronze tui. 
that are now used for conveying water and steam. Brass ani 
bronze do not seem to be particularly well suited for high pressy 
and hot steam. , 

Roofing materials, such as corrugated roofs, should be made 
out of rustless iron. They are strong, free from atmospheric ew 
rosion of a progressive type, not so easily affected by polluted 
atmospheres as are the materials more generally used at this tim 
Those materials that are coated, such as galvanized, are always 
prone to destruction, due to mechanical abrasion or oxidization 
of the zine. 

The author is much pleased to know that there is a possi 
bility of an ocean going ship being made of rustless iron as fa 
as its hull and general plating are concerned. This will be an 
extremely interesting experiment and will be the beginning of a 


new period in ship construction. Those engineers who are a little 


uncertain about using rustless irons because they have not beet 
on the market long enough, or whether they will resist corrosion 
when their surface becomes tarnished, will have this question 
answered for them in a most complete manner. 

It is up to all of us to see that these new alloys are thio 
oughly tested; not one of them will solve all the problems —eac'! 
has its usefulness. The field is large and should be open to devel 


opment by all who are equipped to do so. What we know of this 
field today is small compared with the amount of knowledge We 


will accumulate in the course of the next year or two. 
When the engineers and the public begin to appreciate thi 
a rustless iron is not necessarily going to waste away merely be 
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ayse its surfaee changes color, that rustless iron will take an- 
other form of development and for a good many structural pur- 
noses, the alloys containing smaller quantities of elements which 
can be painted for surface appearance and will be at the same 
‘ime extremely resistant to progressive rust, will receive a lot 
of investigation at the hands of the engineers, and I expect to 
ee these alloys largely used in constructional work. 

One must bear an important point in mind, that the iron 
re of the world is going to be exhausted sooner or later, just 
when is a matter of debate, but the ultimate using up of the iron 
ore must take place one of these days. If we load up our iron 
with chromium or other element which will cut our progressive 
corrosion, and we are over generous with this element, we in turn 
will exhaust the supply of this particular element. Under these 
eireumstances it is important that we do not use more than is 
necessary, SO We can conserve this particular element, yet, at the 
same time, it would be unwise to use an insufficient quantity of 
the element to do the required work. Incidentally silicon can 
he used without much chance of exhaustion as long as the world 
remains, as the earth surface is largely silica. 

We will see, within the next few years, two major classes of 
rustless iron. One, that must resist oxidation and corrosion to 
a marked degree, therefore, of maximum corrosion resistance 
value and the other type, that will resist progressive rust for very 
long periods but does not come anywhere near the classification 
of being practically indestructible. The average structure, if it 
lasts 100 years, is good enough and there is no object in making a 
structure that will last a few thousand years unless it be a bridge 
or something of that sort. Therefore I believe I am _ justified 
in saying that there will be a demand for two great classifications. 


Written Discussion’ 


or some considerable time the Westinghouse Company have been carry- 
ne 


g out investigations on the physical properties of materials at high tempera- 
ture, and since some of this work has been done on stainless iron it seems 


itting to make a few remarks at this time on this subject, as it is related to 
the subject of Mr. Armstrong’s paper. 

The apparatus used for these tests has been described elsewhere? so no 
further description is necessary here further than to mention that the test bars 


‘Writt 


discussion by J. M. Lessells,-member A. S. 8S. T., in charge of mechanics, 
ircn 


rtment, Westinghouse Electric and Manufacturing Co., East Pittsburgh, Pa 


W Tensile Properties of Medium Carbon Steel.—Symposium. 
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are heated by electric resistor-type furnaces and the extensions are m 
mirror type extensometers. 
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Fig. 1—Effect of area on Elastic Properties of Stainless 
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Fig. 2—Complete Tensile Test Data of Stainless Iron 
Forged and Heat Treated. 
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stainless iron material was supplied in forged sections, %” xX %”, 
d an analysis as follows: 


Cc Cr I Ss Si Ni 
.09 12.23 2 ‘ 017 47 o2 


This was oil quenched and drawn previous to testing. 

In this condition tests have been made on this material at temperatures 
ranging from 68 to 932 degrees Fahr. (20 to 500 degrees Cent.). In Fig. 1 
are shown the load-extension curves obtained for these different temperatures 
and in Fig. 2 the complete tensile test data. 

It will be apparent from these two charts that such a material retains its 
strength and elasticity to a very high degree within the limits of temperature 
68 to 750 degrees Fahr. (20 to 400 degrees Cent.). This characteristic is not 
met with in medium carbon steel nor in certain alloy steels. 

In addition to this, the Westinghouse Company are carrying out extensive 
investigations on the effect of stress maintained for long periods of time at 
high temperature on such materials and it is to be hoped than an early publi- 
eation of some results will be possible. 

The few results given here have been obtained by P. G. MeVetty of the 
Research Department, Westinghouse Electric and Manufacturing Co., who in 
collaboration with N. L. Mochel of the South Philadelphia Works is carrying 
out this large investigation. 
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URANIUM 


RANIUM has had its importance greatly enhanced by the dis 
radium, states C. W. Davis, in Bureau of Mines Bulletin 212. U); 
now recognized as the ‘*mother’’ of radium, and its ores are mined an 
mainly for their radium content. Because of the increasing recog: 
the therapeutic value of radium in the treatment of cancer, radium-bearing 
ores are becoming more important each day. In most ores the ratio of th 


l 1on of 


radium to uranium is constant, and as this ratio is known it is possible + 
estimate the amount of radium by analyzing the ore for uranium; in fag 
this is common practice in the sale of radium-bearing ores, an analysis for 
radium being very unusual. Accuracy in uranium analysis has, therefore 
become very important, owing to the fact that a small error on the wraniyp 
content means a corresponding error on the radium content, and the monetary 


values involved are thus much greater than if the ore were sold for 
uranium only. 


i+ 
8 


The two principal commercial ores of uranium are pitchblende anj 
earnotite. Pitchblende is a dark, bluish-black massive mineral found 
igneous rock, principally at Joachimstahl,.Bohemia; Cornwall, England; ani 
in Gilpin County, Colorado, gold veins. Small deposits have been reported i: 
Russia, Sweden, Norway, and North and South Carolina. At present a deposit 
of high-grade uranium ore, consisting mainly of pitchblende and its alteratio 
minerals, is being developed in the Katanga district of the Belgian Cong 
Africa. This has developed to be the world’s most important source for t! 
production of radium. Carnotite is a canary-yellow mineral of secondary 
origin, found principally in sandstone deposits, notably in San Miguel and 
Dolores Counties, southwestern Colorado, and in eastern and southeasten 
Utah. These were formerly considered the largest uranium, and therefore 
radium, deposits in the world, and during the last six years have yielded the 
larger part of the radium and uranium on the world’s market. Of lesser 
importance are the minerals autunite, the principal deposits of which ar 
Portugal and South Australia; and torbernite also found in those countries 
and in Cornwall, Saxony, and other regions. 

Uranium is utilized mainly in the ceramic industry, and in making specia 
steels. In ceramics, either the yellow oxide (sodium diuranate) or the gree! 
oxide may be used. By varying the composition of the glaze and controlling 
the conditions of firing, different colors may be obtained, such as yellow, 
orange, shades of brown, and even dark green. Uranium has been used 10 
making steels high in uranium and sometimes carrying other elements, suc! 
as tungsten. It is claimed that uranium in place of tungsten will give 3 
satisfactory high-speed steel, the former replacing two or three times its 
weight of the latter; but such steels have not come into general use. 

Until the advent of the radium industry in the United States, methods of 


analysis for uranium were somewhat crude. In the early stages of the industry 
it was difficult to get commercial chemists to check each other on the uranium 
content of an ore, but as the importance of the problem became more an 


more appreciated, methods were worked out giving satisfactory results, and 
is now possible to obtain check analyses with a reasonable experimental erro! 
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Educational Section 


These Articles Have Been Selected Primarily For Their Educational 
And Informational Character As Distinguished From 
Reports Of Investigations And Research 


THE MANUFACTURE OF IRON AND STEEL! 
By F. T. Sisco 
Abstract 


[he first step in the manufacture of iron and steel is 
the smelting of tron ore with coke in the blast furnace to 
produce pig iron. Molten pig tron is refined by the acid 
Bessemer process to produce steel. The acid and basic 
open hearth process uses a mixture of scrap and pig tron; 
the latter may be molten or cold. The basic open hearth 
process predominates in steel production as phosphorus 
may be almost completely removed and sulphur partially 
eliminated. The electric and crucible processes are costly 
but produce a high grade material. Details of the fur- 
naces, their operation, and the refining accomplished are 
described briefly and in non-technical language. The 
quality of the steel made by the different processes ts 
compare d. 


to manufacture of iron and steel is the world’s greatest 
industry; greatest not only in the value of its product, but 
vreatest in its efficient application of machinery to the handling 
of materials in enormous tonnage. The value of iron and steel 
products has lately reached such proportions that the production 
of pig iron and steel ingots is rightly called the barometer of 


business. The products of iron and steel enter into the daily life 


of every individual. The finished material of the industry makes 
up such widely diversified products, as pins and battleships, razor 
blades and locomotives, shovels and airplane engines. 
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Steel is not made directly from iron ore. The ore mu 
pass through the stage of pig iron manufacture. Most of th, 
and steel making processes are continuous, the metal never vetting 
below a red heat from the time the iron ore is smelted in th: 
furnace until the finished section lies on the cooling bed for ship- 
ment. More than 99 per cent of the material handled in the 
modern steel plant is never touched by hand. This, coupled with 
the large individual masses handled, which may weigh up to 20 
tons each, necessitates that labor-saving machinery of highest eff. 
ciency be used and that almost perfect coordination and synchro. 
nization be used in every step in the process. 


first 
iron 
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FUNDAMENTALS 





In order that the description of the various processes in iron 
and steel manufacture may be readily comprehended, certain fun. 
damentals must be understood. First of all, it is necessary that 
iron and steel be clearly defined; secondly, it must be realized 
that iron and steel manufacture is based on certain fundamental 
chemical reactions; thirdly, we must describe briefly the various 
fuels used in the different melting and working operations; and 
lastly, we must deseribe the important principles of regeneration 
and recuperation so essential to attain the high temperatures used 
in steel melting and refining. 


Definition of Iron and Steel 





Iron and steel are essentially alloys of iron and carbon. [ron 
and steel are characterized by containing more than 90 per cent 
iron. This holds true for more than 99 per cent of iron and steel 
products. A few of the alloy steels recently developed contain 
between 10 and 30 per cent alloying metals. They may, however, 
be rightly called steel. There is no sharp dividing line between 
iron and steel. The terms used to describe the products of the 


iron and steel industry are the result of a gradual evolution ove! 
a period of many years and are oftentimes ambiguous and appal- 
ently self-contradictory. Scientifically speaking, iron refers to the 
chemical element, ferrum, the chemical symbol being Fe. !n the 


steel industry when the term iron is used without a qualifying 
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diective, it refers to the alloys of iron and carbon containing more 
than 2.50 per cent carbon. 

The classification of terms for iron and steel shown in Table I 
's the one generally accepted and used in the United States. In 


foreign countries this classification does not apply. From the 


Jassification shown in Table I we may formulate the following 


definitions: 


a). Steel—Iron containing between 0.05 and 2.00 per cent 
carbon, cast from the molten state and usefully malleable at 
some temperature. 

Cast or Pig [ron—Iron containing more than 2.50 per 
cent carbon east from the molten state and not malleable at 
any temperature. 

Malleable Iron—lIron containing more than 2.00 per cent 
carbon, cast from the molten state and made malleable by 
heat treatment. 

d). Wrought Iron—Iron containing less than 0.20 per cent 
carbon not east from the molten state and malleable at some 
temperature. In addition wrought iron usually contains about 
| per cent entrapped slag. 

e). Ingot lron—tlron containing less than 0.05 per cent 


carbon, east from the molten state and malleable at some 
temperature. 


t). Alloy Steel—Steel coming under classification (a), to 
which has been added one or more alloying metals for the pur- 


pose of conferring distinct and characteristic properties on the 
steel, 


9 Ferro Alloys—Alloys of.iron with some other metal and 


used solely to introduce the alloying metal into molten iron 
or steel, 


On aecount of the confusion existing in the nomenclature of 
the iron-earbon alloys, it is necessary to define each of the first 
‘ive (a to e) by three variables, in order that each may be sharply 


| distinguished from the other. Thus the second variable—cast from 


the molten—is the only one that distinguishes steel from wrought 
iron, and the first variable—carbon percentage—is the only one 
that distinguishes ingot iron from steel. 
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AND STEEL 


lron and Steel Manufacture a Chemical Process 


The manufacture of iron and steel is essentially a chemical 
rocess. Three major groups of reactions control every step: (1) 
oxidat on: (2) reduction; and (3) combustion. Strictly speaking, 
ombustion is oxidation .as the heat generated is due to the reaction 
between some form of carbon (oceasionally hydrogen) in the fuel 
and oxygen in the air. 

Oxidation applied to iron or steel making processes is the 
reaction between the metal or some element in the metal with the 
xygen in the air or with the oxygen of an easily reducible oxide 
1) general, reduction is the converse of oxidation. Thus reac- 
tion | 

(1) C + FeO > CO + Fe 
‘s oxidation and reaction (2) is reduction 


(2) 2 FeO + Si > 8i0, + 2 Fe 


In the case of reaction (1), at steel making temperature, the 
arbon has a greater chemical affinity for the oxygen than the iron 
aud so robs the iron of its oxygen to form carbon monoxide gas. 
Thus we add iron oxide to the molten metal to oxidize the carbon. 
In reaction (2) silicon has a greater affinity for oxygen than iron, 
so at high temperatures robs the iron of its oxygen to form silicon 
(dioxide (silica), setting free the iron. Thus we add silicon to a 
molten bath to deoxidize, in other words, to free it of the dissolved 
ipurity FeO by reducing this oxide to iron. 

lt will be noted that reaction (1) is very similar to reaction 
2). Although reaction (1) is an oxidizing reaction because it 
oxidizes the carbon, strictly speaking we may also say that it is 
a reducing reaction, as the carbon reduces the iron oxide. Many 
steel making reactions may be made either oxidizing or reducing, 
depending on the conditions and temperature present at the 
Noment, 

If we add iron oxide to oxidize the carbon as in reaction (1), 
is called oxidizing. If we add carbon to the metal to reduce the 


it 


iron oxide, the reaction is reducing. Oxidation is adding oxygen 
(0 an element by conforming to the laws of chemical affinity; re- 


duction _ tolcied away oxygen from the element or is the converse 
Of Oxidation. 


Fuels 


iree types of fuel are available for iron and steel manufac- 
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ture: solid, liquid, and gaseous. The only suitable fu 
first class is bituminous (soft) coal. This fuel finds its 
use in making coke for the blast furnace. As coke is used 
the manufacture of pig iron, its description will be defer: 
the next section. Coal is occasionally used to fire reheat 
naces and lately in powdered form to fire open hearth f 
Coal has the advantage of cheapness, but the great disad 
of being difficult to store, handle, and fire. It is, however 
large quantities to produce gas. 

The liquid fuels are fuel oil and tar. These find little 
tion, as their supply is limited and their cost relatively hig! 
oil and tar have 5 distinct advantages over coal as a fuel 
storage or handling problems; (2) complete combustion 
ash; (3) complete control of the character of the flame- 
be made oxidizing, reducing, or neutral at will: (4) onl, 
and inexpensive equipment necessary to fire the fuel; and 
regeneration necessary for high temperatures. 

As gaseous fuels have all of the advantages noted above excep 
the fifth, and as they are, in addition, cheap, this class is used for 
most of the steel making processes. The gases available as fuels 
are natural gas, coke oven gas, producer gas, and blast furnae 
gas. The composition and ealorific value of these gases are give! 
in Table II. Carbon monoxide, hydrogen and the hydro¢arbons 
are the combustible constituents. Their relative amount and their 
heat of combustion determines the heat value of the gas. 


peratur 


extensi' 


\ pro 
temper 


S creat 





nacre QT 


Table II eombus 


Gaseous Fuels steam 1 
si In 

Natural CokeOven Producer r s for 
Gas Gas Gas ) 
ll ate als aaa trol. ef 
Carbon Monoxide, CO..... Traces 3.5 23.0 


rs that is 
Hydrogen, H, None 54.0 15.0 De a ae 
Hydrocarbons, Ca Hanvz..... 96.5 35.0 3.0 zing { 
Nitrogen, N, 3. 3.5 50.0 sad os 
Other Constituents 4.0 : 
B.t.u. per eu. ft 550 


combi) 
The use of natural gas as a fuel is steadily decreasing: the 


supply has diminished to the point where it is now only availabl 
to domestic users. 
Coke oven gas is comparatively high in heat value but 1s 0n!y 
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in the larger steel plants that manufacture their own 

race coke. The gas may be used for firing open hearth 

. soaking pits, reheating furnaces, and the like. Regenera- 
isually necessary to obtain high temperatures. 

oducer gas 1s made by passing air, steam, or both up through 

of heated bituminous coal contained in a large cylindrical 

lined chamber known as a gas producer. The coal is charged 

op and settles gradually to the bottom, encountering a 

increasing temperature. At ineandescence it reacts with 

ven in the air or steam to form producer gas. The reac- 

ire somewhat complicated and involve the formation of ear- 

onoxide, the oxidation of carbon monoxide to carbon dioxide, 

he reduction of carbon dioxide in turn to carbon monoxide 

The water blown in as steam is dissociated into hydrogen 

oxvgen, the latter reacting completely with the carbon in the 

oal to form the gas. A small amount of the hydrogen reacts with 

arbon to form methane. Producer gas is lean and, consequently, 

he principle of regeneration must be used to secure the high tem- 

peratures necessary to melt and refine steel. Producer gas is used 

extensively in open hearth and reheating furnaces and for soaking 


pits. 


) 
Blast 


furnace gas, a very lean gas of low ecalorifie value, is a 
by-product of the smelting of pig iron in the blast furnace. High 
temperatures cannot be attained by its combustion, hence its use 
sgreatly restricted. It finds application in heating the blast fur- 
nace stoves, in firing boilers for blowing engines, and in internal 
combustion engines; and the excess is ordinarily used for making 
steam for general plant purposes and for generating power. 

In general the advantages of the gaseous fuels are the same 
is for the liquid fuels: ease of handling; ease of firing and con- 
In the ease of producer gas the disadvantages of coal, 
that is, handling and ash disposal, are largely overcome by central- 

ing the gas producers in one spot, making it possible to use coal 
and ash handling machinery and mechanical appliances for feeding . 
the producers. Thus the advantage of the cheapness of coal is 
‘ombined with the ease of handling and of firing the resulting gas. 


trol. ETC. 


Regeneration and Recuperation 


a lean gas of low calorific value, such as producer gas, 
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high temperatures do not result from the combustion o 
with air. By using regeneration, however, flame ten 
may be brought up to 3200 degrees Fahr. (1760 degrees ( 
higher. Regeneration involves preheating both gas and 
combustion. The operation of the open hearth furnace 


ducer gas is the most familiar example of regeneration 


generative chambers underneath the furnace (see Fig. 15) op carvon 


constructed of fire brick loosely laid as a checker work in syeh » pear the 


way that the spaces between the brick are of approximately carbon, t 


same size as the brick. The gases leaving the melting chamber o pollects 
the furnace, at a temperature of about 3000 degrees Fahr. (163) react WI 
degrees Cent.), are drawn through this checker work and impar when MM 
a portion of their sensible heat to the brick work. At stated inte». the urns 
vals, usually every 15 minutes, the direction of the eases js » drained | 
versed and the cold producer gas and cold air are drawn throug the 
this red hot brick work. The cold gas and air are thus preheat po pan 
to a red heat, 1500 degrees Fahr. (810 degrees Cent.) before o 

bustion takes place in the furnace. Each furnace must have fo 
regenerative chambers (checkers), two for air and two for g 

The direction and rate of flow of the gases is regulated by th 

stack draft and by a series of valves which may be reversed 

necessary. In the combustion of a gas, if a flame temperatur 

about 2000 degrees Fahr. (1100 degrees Cent.) may be reac! 

by applying the principle of regeneration and preheating both ¢ 

and air to 1500 degrees Fahr. (810 degrees Cent.) or mor 

fame temperature of 3200 degrees Fahr. (1760 degrees Cent.) may 

be attained. In other words, regeneration steps up possible 

that the 
24-hour 


rlals ane 


temperatures about 75 per cent. 

Reeuperation is used when it is only necessary to step up | 
possible flame temperature 25 to 30 per cent. Recuperation co 
sists in preheating the air only and has the advantage that 
principle is applicable to. firing with solid and liquid fuels as we 
as with gaseous fuels. In recuperation the waste furnace gases 
. are drawn continuously through a passage way to the stack. | 
the center of the passageway is a duct through which the air pass 
on its way to the furnace. The air duct is heated by radiatio 
from the hot furnace gases. The air used for combustion Is pre 
heated sufficiently to increase the flame temperature 300 to ° 
degrees Fahr. (150 to 260 degrees Cent.). Receuperatio 


auently used on continuous billet heating furnaces. 
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MANUFACTURE OF IRON AND STEEI 
Tue BLAST FURNACE AND THE MANUFACTURE OF Pia IRON 


In the manutacture of iron in the blast furnace, iron ore, coke, 


limestone are charged into the top of the furnace and air 


pressure and preheated to about 1000 degrees Fahr. (540 


jworees Cent.) blown in near the bottom. <As the ore slowly de 


wends the iron oxide is reduced to iron by means of carbon and 
~arbon monoxide gas until reaching the zone of high temperature 
year the bottom of the furnace, the metallie iron starts absorbing 
arbon, becomes pasty, absorbs more carbon, and finally melts and 
lects in the furnace hearth. The impurities in the ore and coke 
react with the calcium oxide in the limestone to form a fusible slag 
hich melts and colleets on top ofthe iron. At regular intervals 
the furnace is opened near the bottom and the molten iron and slag 
drained from the hearth. 
The manufacture of pig iron in the blast furnace is a continu- 
us process. A furnace will run steadily night and day, 365 days 
the year for 4 to 7 years at a time before it IS hecessaryv to shut 
for repairs. The operation of the blast furnace demands 
skill of the highest order, as the process is based upon chemical 
reactions that are delicately balanced and subject to the influence 
of many variables, such as weather conditions (barometric press- 
slight differences in composition of the raw materials, ete. 
Mor each ton (2240 pounds) of molten iron produced, it is 
necessary to charge about 4000 pounds of ore, 2OOO pounds of coke, 
aud 1000 to 1400 pounds of limestone, and blow 4 to 5 tons of air 
(0 the furnace. With each ton of iron, 1500 to 2000 pounds or 
sag are produced and must be disposed of. When it is realized 
that the modern blast furnace delivers 600 to 700 tons of iron each 
-+-hour day, the coordination necessary in handling the raw mate- 


nals and operating the furnace can be readily comprehended. 


lron Ore 


The iron ore used in the blast furnaces of this country is 


Hematite (Fe,O.) which, in the last few years, contains between 


"and 55 per cent iron equivalent to 71.5 to 78.7 per cent iron 
Fe.O.. The ore contains between 21.3 and 28.5 per cent 
ipurities. This earthy matter or gangue consists of silica, alumi- 


lum oxide, manganese oxide, and sometimes caleium and magne- 
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sium oxides. It also contains varying small amounts 
phorus and occasionally small amounts of sulphur. 
The hematites are the only important ores used in | 


facture of pig iron, as shown by the following figures: 








Total ore deposits in United States........... 4,578,000,00: 

Lake Superior Hematites.................... 3,500,000 ,00: 
I . ) 5 ; 

ee ee 96 oth on Sa cb Wc beeen 530,000,00( 


The Lake Superior and Alabama hematites make 
90 per cent of the available deposits. 

Ores are graded by the phosphorus content into Bessemer ; 
non-Bessemer (basic) types. In the former the maxiniin pe! 
missible amount of phosphorus is found by dividing the iron pe 
centage by 1000 and subtracting 0.010 per cent. Thus a Besseme 

















ore containing 55 per cent iron will contain less than ().()45 pe 
cent phosphorus. All ores containing more phosphorus than the 
calculated permissible amount are classed as non-Bessemer (basic). 
This classification is necessary, as the phosphorus in Bessemer pig 


iron must not exceed 0.080 to 0.090 per cent; and as the reserves 
are limited, the ore commands a slightly higher price. Th 
cation of this classification is shown by the figure for pie iron for 
1920, given in Table III. 


: } 
ap) pil 


Table III 
Production and Disposal of Pig Iron (1920)* 












Gross Tons Per Cent of Tot 
Se: WU BINS. 5% sue «hueoeendenads 16,737,722 45 
Bessemer Pig Irom... .. 06. dscwcsess 12,062,084 
Foundry and Malleable (High Phos- 
I aa scnte teiate ialhatila lien ate a 7,268,733 
All Others, (Ferro Alloys, ete.)...... 857,448 








DE. +» dias ok 0 sa ener en 36,925,987 











Delivered molten for Steel Making... .22,293,410 ) 
Ce SN NL Fn cc on 4 64:00 gee tebe 14,632,577 10 





BORE os hel doe ob aN Ae edt 36,925,987 
















* Table from Stoughton’s ‘‘Me 


allurgy of Iron and Steel,’’ 1923, page 36 





Coke and Limestone 


Blast furnace coke is made from a special grade of bifiminous 
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al known as eoking coal. This coal produces coke with the re- 

vyired physical properties, such as a definite crushing strength, 
ionsity, size Of cells, proportion of cell walls to cells, ete. Coking 
oal is found in large deposits in Pennsylvania (Connellsville), in 
\labama, and in Illinois. 

Coke is made by heating coking coal with a very restricted 
supply of air. Two processes are in common use: (1) beehive; 
and (2) by-product. In the former the coal is charged into a brick 
ven coustrueted like a large beehive, and spread over the bottom 
na layer approximately 18 inches thick. The oven is sealed and 
the coal allowed to coke for about 60 hours. The heat in the brick 
work is sufficient to start the distillation of the volatile matter. 
The heat generated by the initial distillation completes the process. 


f The expelled volatile gases escape through a hole at the top and 


burn away in the air. 

In the by-product oven the coal is charged into closed retorts 
which are heated by eoke-oven gas. The volatile matter expelled 
from the coal is led off through pipes and separated by fractional 
(distillation into the various constituents. By this process all of 


the by-products are reeovered. These include a combustible gas, 
liquid benzol, toluol, napthalene, ammonia liquor, phenol (carbolic 
acid), and solid coal tar.products. The coke oven gas in excess of 
that necessary for firing the ovens is used in various operations in 


the plant, and sometimes sold to domestic consumers. The other 
by-products in their erude state find a ready market. 

Coking in the by-product oven takes between 12 and 24 hours. 
\fter the process is completed the oven is dumped, as shown in 
Fig. 1. The eoke is sprayed with water, crushed and screened. It 
is then ready for use in the blast furnace. The only impurity of 
mportance in the eoke is sulphur. 

Limestone of high purity is widely scattered throughout the 
United States. The grade used in the blast furnace contains 92 
io) per eent ealeium earbonate with small amounts of silica, iron 
and aluminum oxides and magnesium oxide as impurities. Sulphur 
ind phosphorus are usually absent. 


Handling Raw Materials 


It 


nar ea f } 


in the handling of the raw materials for the blast fur- 
automatie machinery has been developed to its highest 
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efficiency. lHlandling iron ore is a representative procedi 


of the ore in the Lake Superior district is found near the oyyr, })-ton 
in. great open pit mines. It is loaded on ears by steam) choy, load 
hauled to the dock a distance of 25 to 


_* 


(> miles, and 


dumped into the dock storage. Car dumpers are used \ 





Fig. 1—-Battery of Kopper’s By-product Coke 
Retorts. It will be Observed that One of the 
Car Where the Coke is Quenched., 


Ovens Showing the Discharg: 
Retorts is Being Discharged into the 


up the ear bodily, tipping it over sidewise. The ore boats are 
docked so that a long pipe from the dock storage extends into each 
hatch. Loading an ore boat with 12,000 tons takes 30 minutes. At 
the steel plants mechanical unloaders are used. A _ battery of 1 
Hulett unloaders working on an ore carrier is shown in Fig. 2, an‘ 
a close-up of the grab in the hold of the boat in Fig. 3. The 
operator is located in a cage on the vertical traveling arm Jl 
above the bucket. Seven unloaders of 15 tons eapacity each will 
unload 12,000 tons in 4 hours. 
If the ore must be transported by rail from dock to furnat am 
as is the case in the Pittsburgh district, ore cars and car dumper , 
are used. Car dumpers may also be used for coke and |imestoli bia 


It is necessary to store ore at the furnace for use over t 
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hen navigation is closed. For handling ore from stoek 


urnaces ore bridges spanning the stoek pile and carrying 


1).ton buckets are used. Some plants combine the bridge and 


nloade One of these is shown in Kig, 4. 


‘yom the time the ore and coal leave the mines and the lime- 





Hulett Unloaders Unloading a 12,000-Ton Lake Ore-earrier, 


ats are 
1tO each 
tes, At 
. 2, and 
3. The 
rm just 
ich Wl r. 3—Hulett Unloaders Working in the Hold of a 
‘iohe the quarry, until they enter the blast furnace they are 


handled wholly by mechanical means. An accurate check of the 


hemical composition of all the raw materials is made daily, so 
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that the furnaceman may calculate exactly the compositi 
eharge and know in advance the composition of the result 
slag, and gas. 


Construction of the Blast Furnace 


The modern blast furnace is a steel shell lined with | 
A section is shown in Fig. 5. The furnace is about 90 
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Fig. 4—Ore Stock-Piles Showing Ore-unloader and Bridge. Three Blast Furn 
Their Respective Stoves are Shown. 











from the bell to the foundation. The diameter varies from 16 
feet at the throat to 22 feet at the widest part of the bosh. he 
hearth is usually 15.5 feet in diameter and 8 feet deep. he fire 
brick lining is about 3 feet thick, although some modern furnaces 
have an 18-inch lining and a water-cooled shell. 

The hot blast is brought from the stoves to the furnace throug! 
a large brick-lined main and delivered to the bustle pipe (J, liz 
9), also brick lined. Six to ten tuyeres (K, Fig. 5), to admit the 
blast to the furnace, are spaced equally around the furnace. These 
tuyeres are water-cooled and hinged so they ean be swuny bac! 
for repairs. A plate-glass peep hole on each tuyere permits ose! 
vation of the interior of this section of the furnace. The relativ: 
size of the blast furnace at the hearth is shown in Fig. 6. 
Fig. 6 also shows the bustle pipe. The stack and upper par 
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of the blast furnace rests on cast iron columns (see Fig. 5), thus 
making it strueturally independent of the bosh and hearth, which 
may be thus torn away for repairs if necessary. The relative loca- 
‘on of the iron notch (M) and einder notch (Ll) is shown in 

5. Just before the tap the upper surface of the molten iron 


A—Skip Hoist Bucket 
B—Upper Bell and Hopper 
©—Lower Bell and Hopper 
D—Bell Control Mechanism 
E—Throat 

F—Stack 

G—Bosh 

H—Hearth 

J—Bustle Pipe 

K—Tuyere 

L—Cinder Notch (Slag) 
M—Iron Notch (Tap Hole) 
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Fig. 5—Sketch Showing a Section Through a Modern 
Blast Furnace. 


is a few inches below L. The upper surface of the slag is just 
below the tuyeres (K). 
Charging the Furnace 
Most blast furnaces are charged mechanically. The raw mate- 
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rials are contained in bins located back of the furnace. 

may be opened at the bottom and the ore, coke, or | 
dumped into the bucket, which is then automatically weie! 
soon as this is completed the bucket travels up the skip lh 
Fig. 5) and dumps into the upper belt (B, Fig. 5). Thi; 


Fig. 6—Casting House and Lower Part of Blast Furnace 


lowered, discharging the ore into the lower bell C, from where it is 
dropped into the furnace. This method of charging permits the 
top of the furnace to be kept gas-tight. The ore, coke, or limestone 
are charged in order and are mechanically distributed in the top 
to prevent the segregation of any one of the three, which would 
cause irregular furnace operation. 

The furnace gas, which flows upward through the stock, passes 
out through a large pipe near the top of the furnace, known as 
downeomer (not shown in Fig. 5, shown in Fig. 7). 


Blast Furnace Accessones 


The accessories to the blast furnace are the stoves, blowing 
engines, and gas-cleaning apparatus, The stoves are cylindrica 





MANUFACTURE OF IRON AND STEEL 207 


-owers 100 feet high, lined with firebrick, which are laid as a loose 

ockepwork. Waste gas from the blast furnace is burned near 
‘he bottom of the stove, heating the brick work to a dull red heat. 
rhe blast from the blowing engine is then passed through the 
stoves. Which heats the air to a temperature of about 1000 degrees 


as 
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Dasses 


View of Blast Furnace Showing Hot Stoves and Gas-cleaning Mechanism. The 
nas a eaning Mechanism is Shown on the Extreme Left. 


Fahr. (540 degrees Cent.). Three or four stoves are necessary 
furnace. Two stoves are ‘‘on gas,’’ while one is ‘‘on 

blast.’ Fig. 7 shows a modern blast furnace (center), with its 
complement of 3 stoves (right) and gas cleaning mechanism (left). 
Blowing engines produce the high blast pressure necessary 

lor the efficient operation of the furnace. Usually they are driven 
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by steam, which is generated in boilers fired by blast furn 
Occasionally internal combustion gas engines are used. 
The waste gas, as it leaves the throat of the furnace 
with it a large amount of suspended dust and fume, whi. 
be removed before the gas can be burned in stoves, unde: 
or in the blowing engines. To remove this dust the ga, 
through a series of dust catchers, gas washers and serubbers 
7, left). The relative value of the waste furnace gas is s 


that it warrants the complicated mechanism necessary to 
this dust. 


K ig, 


high 


emove 


Operation of the Blast Furnace 


The stock in the furnace, i. e., ore, coke, and limesto 


t 1S 


steadily and slowly settling. The downward pressure of the stock 
is slightly greater than the upward blast pressure and the frictio 
of the burden on the walls of the furnace. 


The complete cycle takes about 24 hours. It takes this length 
of time for one definite amount of ore to descend from throat to 
hearth. The slag is drained from the furnace every 2 or 3 hours 
the iron is tapped every 6 hours. 


The operation of a blast furnace ealls for great skill and long 
experience on the part of the furnace foreman. Occasionally, 
untoward incidents of apparently the slightest consequence will 
affect the whole operation. An example of this is ‘‘hanging.”’ 


The slightest unevenness in stock distribution and segregation o! 
ore may result in a layer of the stock becoming wedged in thi 


upper part of the furnace. The upward pressure of the blast 
wedges this layer tighter and tighter, the rest of the burden sinks, 
the blast pressure builds up and affects the operation of the 
stoves and even the blowing engines. Often it is necessary to us 
dynamite to dislodge the seaffold. 


The humidity of the air is a factor of greatest importance in 


furnace operation, as excessive moisture blown in with the blast 
absorbs heat and causes the furnace to run cold. 
Shutting down a furnace is a laborious and expensive proced 


ure. To shut down or ‘‘bank,’’ coke alone is charged until the 
stack is filled, the last remaining iron and slag drained from the 
hearth, the blast shut off, and the furnace sealed. The financial 
loss involves the tonnage of coke used to fill the furnace and the 
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loss cased by irregular furnace operation for a day or two previous 
to and after the shut-down. 

\Vhen the furnace is ready to cast, the top hole is dug out by 
hand. The iron runs down a trough beneath a skimmer and into 
the ladles. The slag runs into a granulating ear or a ladle. Fig. 6 
shows the location of the iron troughs and the skimmer. When 
the ladles are filled they are taken to the mixer, if the metal is. to 
he kept molten, or to the pig casting machine if pigs are desired. 

When the hearth is drained of iron the tap hole is closed by 
means of balls of damp clay fed into the hole and rammed into 
place by compressed air. The contrivance which is known as a 
mud gun may be seen in Fig. 6 at the front of the furnace. 


Hot Metal Mixer 


The hot metal mixer is a huge receiver constructed of steel 
plates and lined with firebrick. The construction is shown in 
Fig. 8. The average mixer has a capacity of 600 to 1500 tons. 
Its function is first to keep the metal molten until required by some 
steel-making process and, second, to equalize slight differences in 
chemical composition in the iron. 

The mixer is built on rollers and may be tilted either forward 
or backward. It is usually fired by producer gas. 


The Chemistry of the Blast Furnace 
The iron oxide in the ore is reduced to iron by two general 
reactions : 


(1) Fe,0,+3CO>2Fe+3Co, 
(2) Fe,0,+3C >2Fe+3CO 


Both of these reactions are reversible and may proceed in 
either direction, depending upon the conditions and temperature 
present at the moment. Both reactions are progressive; the Fe,O, 
is reduced to Fe,O,, then to FeO and finally to Fe. 

The carbon monoxide is the result of reaction (3a and 3b) : 


(8a) C +20-C0, 
(8b) CO,+ C>2C0 


Which takes place between the incandescent coke and the oxygen 
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in the blast in the bosh region, the hottest zone in the furn: 


Reaction (1) is the predominating reducing reactio) 
furnace. It starts in the upper part of the stack at a tem) 


_ 


Fig. 8—Hot Metal Mixer Being Charged with Molten Pig Iron 


of about 400 degrees Fahr. (210 degrees Cent.) and is complet 


I 


before the bosh is reached. Reaction (2) starts at a temperatur 
of about 1200 degrees Fahr. (650 degrees Cent.) about half wa’ 
down the stack and is not complete until melting temperatures 2 
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reached. These two reducing reactions represent the end result of 
, large number of reactions which may be either reducing or oxi- 
Jizing. depending on the conditions prevailing. 

Near the bosh the iron is practically all reduced to a metallie 
sponge. Here it starts absorbing carbon, becomes mushy, absorbs 
more carbon, and finally melts only to absorb more carbon as it 
trickles down over the incandescent coke into the hearth. The 
amount of carbon absorbed is usually between 4.0 and 4.5 per cent. 

All of the manganese and phosphorus in the burden are re- 
duced to their respective elements and go into the iron. The rela- 
tive amounts of sulphur and silicon reduced and taken up by the 
iron depend upon the character and composition of the slag, the 
temperature of the metal and slag, and the skill of the furnaceman. 

The calcium oxide in the limestone combines with the silica 
in the ore and in the coke-ash to form a fusible calcium silicate 
slag. Under certain conditions this slag has the property of hold- 
ing sulphur and preventing it from contaminating the iron. Thus 
the furnaceman may by proper methods control the amount of 
silicon and sulphur in the iron but has little control over the 
manganese and carbon and none over the phosphorus. 


Representative analyses of pig and foundry irons are given in 


Table | V ‘ 


Table IV 


Representative Analyses of Irons 


Total Carbon Silicon Sulphur Phosphorus Manganese 


ig Iron . ; 1.75 0.050 0.090 
fron (Open Hearth) ; 0.80 0.050 
1 (Puddling) y 1.50 


0.300 
! 

Ni 
N 
\ 


0.100 0.600 
3.00 0.0385 0.600 

2.50 0.045 0.600 

2 00 0.055 0.600 

1.50 0.060 0.600 

Blast Furnace 2.9 12.00 0.040 0.100 
nese, Blast Furnace ze 1.00 0.250 
Blast Furnace 5 1.00 0.100 


N 


centages of carbon, silicon, and manganese are average. 

entage of sulphur is maximum permitted. 

ntage of phosphorus in case of Bessemer pig; ferro-silicon 
iaximum permitted. For other irons it is about the average. 


and Spiegeleise n is 


THE BESSEMER PROCESS 


In the Bessemer process 15 to 25 tons of molten pig iron are 


ured into an acid-lined converter. Air under pressure is ad- 
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mitted through a number of tuyeres in the bottom and 
up through the molten metal rapidly oxidizes the silicon, 
nese, and carbon in the order named. Sulphur and ph 
are not affected. When the impurities have been eliminate:|, for, 
manganese or spiegeleisen is added to recarburize and add anos. 
nese to the metal, after which the finished steel is teemed jnty 
ingot molds. 

The acid process is the only form of conversion used in ¢h, 
United States. In Europe converters are lined with basic refra¢. 
tories and lime used as a slag. The phosphorus is oxidized by a 
after-blow and removed from the steel, passing into thie slay 
where it is held as calcium phosphate. For successful operatic) 
of the basic Bessemer process the pig iron must contain more than 
1.00 per cent phosphorus. No domestic ores contain enough phos 
phorus to make the process practical in this country. 

To understand steel-making processes it is necessary tliat, first 
of all, we distinguish between acid and basic refractories and slags, 


aSsine 
ldNog. 


phorus 


Acid and Basic Processes 


At steel making temperatures certain otherwise cheiically 
inert substances have either an acid or basic character and will 
combine with avidity with a substance of the opposite nature. The 
basic refractories used in iron and steel are magnesite (magnesium 
carbonate or oxide, MgCO; or MgO) and dolomite (magnesium 
and calcium carbonate or oxide, CaCO,.MgCO, or CaO.MgQ). The 
basic flux is lime (calcium oxide, CaO) or limestone (calcium car. 
bonate, CaCQO;). These refractories and fluxes are always consid: 
ered as oxides, as the carbon dioxide is usually driven off at thie 
high temperature prevailing in the furnace. 

The acid refractory and flux is silica (SiO,), which is the acid 
anhydride of the various silicie acids. At high temperatures, silica 
reacts instantly with a basic refractory or flux, such as lime, ac- 
cording to reaction (1) 





(1) SiO, + CaO > CaSio, 


to form calcium silicate. In general the refractories melt very 
much higher than iron or steel (usually 3600 degrees Falir. or 
above), but the silicates melt very much below the temperature 
of the molten metal. 
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is obvious that if a furnace has an acid lining the slag must 
ontain an excess of acids, for in case the slag contained an excess 
of lime or other active base the fiux would attack the silica lining 
and in a short time completely destroy it. Thus in an acid melting 
process the lining is of acid refractories and the slag contains an 
excess Of silica, while in a basie process the lining is of basic re- 
fractories and the slag contains an excess of bases. 
The distinguishing characteristics of the acid and basic process 
are as follows: 

1). The basic process using a basic slag will completely elim- 
inate phosphorus and partially remove sulphur; acid slags have 
no effect on either impurity. 

”). The acid slag has more desirable physical characteris- 
ties than the basie slag. In general, assuming other factors to be 
onstant, for the same process, acid steel is cleaner and of higher 
grade than basie steel. 

3). In the case of the open hearth process an acid lining 
is much cheaper and much more satisfactory than a basic lining, 
but as the basie slag eliminates phosphorus completely and sulphur 
partially, cheaper serap and pig iron can be used and in the end 
the basic process is cheaper. 

‘lable V gives the steel production for 1920. This ratio be- 
tween the various grades of steels is at present (1925) practically 
‘onstant. 








Table V 
Steel Production for 1920 (Long Tons)* 


Pig Iron Used [ron or Steel Made 


\Malleable Cast Tron 1,600,000 2,000,000 
Gray Cast Tron 7,500,000 10,000,000 
\ Bessemer Steel 9,771,396 8,883,087 
| Open Hearth Steel... 500,000 1,296,272 

‘ Open Hearth Steel. . 16,737,722 31,375,723 
ought Tron 800,000 1,377,566 
ible Steel Serap and Wrought Iron 72,265 

trie . All Serap 505,687 


55,510,600 


Total 36,909,118 


trom Stoughton’s Metallurgy of Iron and Steel, 1923, p. 49. 
figures in round numbers are estimates. Where tonnage of steel made is more 
n used scrap is used in process, 
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The Bessemer Converter 











The Bessemer converter is a pear-shaped steel shell lined wit) 


silica (acid) refractories. A section is shown in Fig. 9 ay 
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Fig. 9—Sketch Showing -Cross-section Through Bessemer Converter. 






ternal views in Fig. 11, 12, and 13. The capacity ranges from 1) 
to 25 tons. 






The vessel is mounted on trunnions that permit it to be turned 
180 degrees either to front or back. One of the trunnions is hollow 
to admit the blast which passes through the trunnion (() and 
tuyere pipe (D) into the wind box (E), from which it is blown 
by 200 to 400 tuyeres into the vessel. The bottom is removabl: 
and may be quickly detached and replaced by a new one. 









Various accessories, such as the blowing engines, cranes, et. 
are necessary. The Bessemer process makes use of no artificial 0! 
external heat whatsoever, depending solely upon the heat generate( 
during the refining to keep the temperature up to the proper poll! 
The process can, therefore, only be used where an uninterrupted 
supply of molten pig iron is available. Each vessel taps a hel 
of steel averaging 15 tons or more every 15 to 20 minutes. 4 











) 
Bess 


each 


from 


opel 


whis 


lad, 

aT 
Iron 
dray 
and 
rece 


min 


om 1) 


urned 
hollow 


any 
aii 


hiown 


MANUFACTURE OF IRON AND STEEL 215 


Bessemer plant of 5 vessels will produce about 3500 tons of steel 
each 24-hour day, needing for this production the entire output 
from 0 blast furnaces. 


Operation of the Converter 


The operation of the converter is controlled by one man known 


as the blower, who from a pulpit high above the floor views the 
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Tapping Molten Pig Iron from the Hot Metal Mixer into the Transfer Ladie. 


operation through his blue glasses and by means of signals with a 
whistle controls the whole procedure. 

The making of a heat is shown in Figs. 10 to 14. A transfer 
ladle operated by cable and motor is spotted beneath the mixer 
Fig. 10). The mixer is tilted and the ladle filled with molten 
iron. An automatic scale indicates when the proper charge is 
drawn off. The transfer ladle is then run into the converter house 
and its molten contents poured into the vessel which is tilted to 
recelve it (Fig. 11). When charging is completed, which takes a 
minute or two, the converter returns to an upright position, the 
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blast being turned on at the same moment. Immediately a 
brown fume, with which is intermingled a short, sharp, 
flame and showers of sparks, issue from the mouth of th 
verter. The silicon in the iron is now being oxidized. 


fil 


TTP 
 * ~~ 


Fig. 11—Charging the Bessemer Converter with Molten Pig Iron. 


minute or two the flame has a greenish tint, due to the oxidation 0! 
the manganese. Soon this greenish tint is gone, the yellow flam 
mounts higher and higher, until it is a roaring mass of fire ey 
tending 30 or 40 feet into the air (Fig. 12). This is the carbo 
flame. In 12 to 14 minutes after the beginning of the blow thi 
flame starts to flicker or ‘‘feather’’ at the edges and to diminish 1! 
intensity. The dropping of the flame indicates that the carbo 
has been reduced to a very low percentage. 


As soon as the flame is very short and is spurting slightly, th 
vessel is tilted, the blast shut off, and the reearburizer added. 
minute is sufficient for this to melt and for the reactions to hecome 
completed. The heat is then tapped (Fig. 13) and the metal teemed 
into ingot molds. 


Some 


S000 
diffic 


from 





MANUFACTURE OF IRON AND STEEL 
The Chemistry of the Bessemer Process 


\s soon as the blast strikes the molten iron, ferrous oxide is 
formed in large quantities: 


(2). 2 Fe + O, > 2 FeO 


(he ferrous oxide is soluble in molten iron and becomes uniformly 
distributed, reacting with the silicon and manganese in the pig 
‘ron, reactions (3) and (4): 


(3) Si+ 2 FeO > 2 Fe + SiO, 
(4) Mn + FeO > Fe + MnO 


The manganese oxide reacts with the silica to form manganese 
silicate, reaction (5): 


(5) MnO + SiO, ~ MnSiO, 
Some iron oxide reacts with silica to form ferrous silicate: 
(6) FeO + SiO, > FeSi0, 


These two silicates, molten at the bath temperature and of low 
specific gravity, rise to the top to form the slag. 

Without discussing the thermal chemistry of the reactions, it 
may be said that silicon and manganese must all be oxidized before 
carbon is oxidized at all. Reactions (2), (3), and (4) are produc- 
tive of a large amount of heat, sufficient to raise the temperature 
of the metal from 2500 degrees Fahr. (1370 degrees Cent.) to 
3000 degrees Fahr. (1650 degrees Cent.). In fact, one of the 
difficult features of the Bessemer process is to keep the temperature 
trom becoming too high. 


After the silicon and manganese are eliminated the ferrous 
oxide reacts with earbon, reaction (7): 


(7) FeO +C-> Fe + CO 


This gas burning to carbon dioxide is responsible for the brilliant 
carbon flame of the process. 

When the carbon is: eliminated the bath is free from silicon 
and manganese and the carbon is 0.05 per cent or below. It is 
also saturated with ferrous oxide which would make the steel 


eome 


emed 
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brittle and worthless if not removed. It is necessary to ad 
carbon and manganese to the metal to produce steel of the re 


1 


chemical composition, so ferro-manganese or spiegeleisen (si 


[ron ‘ 


wad a) 
so tee '. ; | 
nr ag , 


Blow. 


The Bessemer Converter During the 


} 
“Al 


IV) is added. The alloy also serves to eliminate the dissoly 


ferrous oxide, reaction (8) : 
(8) FeO + Mn > MnO + Fe 
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It will be noted that the reducing reaction (8) used for eliminating 

the ferrous oxide is identically the same as the oxidizing reaction 

1). in which the ferrous oxide oxidized the manganese. In this 

«ase the different conditions prevailing in the metal has changed 

the reaction, Which is ordinarily oxidizing to one which is reducing. 
Another reaction of benefit to the steel is (9): 


(9) FeS + Mn > MnS + Fe 


[ron sulphide, FeS, like ferrous oxide, FeO, makes steel brittle or 


Fig. 13—Tapping a heat from the Bessemer Converter into the Teeming. Ladle. 


“hot short’’ at a red heat. The result of reaction (9), manganese 
sulphide, although an impurity, is much less harmful and does 
lot make the steel appreciably brittle at any temperature. 


Characteristics and Uses of Bessemer Nteel 


The use of Bessemer steel for structural shapes, rails, plates, 


and allied products has been practically discontinued in the past 


ten or fifteen years. At present its use is confined to such products 
is tin plate, skelp for pipe, sheet bar for roofing sheets, etc., and for 
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1925 


wire and other purposes when the material does not have | 


tinuo 
stand heavy loads. 


nves| 
The greatest disadvantage of the Bessemer process is 
does not remove sulphur and phosphorus. In fact becaus: 
oxidation of the carbon, silicon, manganese, and some iro) 
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as it 
two elements each increase about 10 per cent. The phosphorus con 


tent varies between 0.075 and 0.100 per cent, too high for high 
grade steel. Sulphur, too, may be high, although by keeping tli 
amount in the iron below 0.050 per cent, the impurity may be low 
and thus harmless in the steel. 7 


plant 


Bessemer steel is not as sound as basic or acid open heart! the fi 
steel. This is because it is oxidized more in refining. Althoug! may 
reaction (8) is practically complete, more FeO is left in th | per e¢ 
than in the steel from any other process. Bessemer steel is mor tes a 
likely to be dirty and thus inferior to open hearth steel. city © 

Another disadvantage is that the Bessemer process re! highe 
an uninterrupted supply of molten metal and thus is only possible drop] 
in the large plant having three or more blast furnaces. The col open 
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tinuous operation of a Bessemer mill requires a very heavy initial 
‘nvestment in blast furnaces. 

The advantage of the process is the enormous tonnage possi- 
ble. When operated in conjunction with a large and well organ- 
ved steel plant the process produces the cheapest steel possible to 
make 


THe OpeN HEARTH PROCESS 


The open hearth process produces between 75 and 80 per cent 
of the steel made in the United States. Of this annual production 
of the open hearth, which aggregates nearly 33,000,000 tons, the 
hasic process produces 96 per cent and the acid process 4 per cent. 
The open hearth furnace is very inefficient thermally, only about 
10 per cent of the heat generated in the combustion of the fuel is 
used in melting and refining. In addition, the furnaces are cum- 
hersome and inefficient mechanically. Even with these disadvan- 
tages the open hearth has become the world’s foremost steel-making 
process, due principally to the possibility of a high degree of refin- 
ing and to the fact that costs are but little higher than the Bes- 
semer process. The basic open hearth removes phosphorus posi- 
tively and almost completely, thus enabling scrap and pig iron with 
a high phosphorus content to be used. The greatest advantage of 
the open hearth process is that it produces better steel than the 
Bessemer. For the same chemical composition and treatment, open 
hearth steel is much superior to the best Bessemer steel. Another 
advantage of the process is that it is as well adapted to cold charges 
as it is to molten ones, thus making the steel-making unit of the 
plant independent of the blast furnaces if necessary. 


Acid Open Hearth Steel Versus Basic Open Hearth Steel 


The sole reason that the basic open hearth process has become 
the foremost producer of steel is the refining whereby phosphorus 
may he entirely eliminated. The process also removes 10 to 40 
per cent of the sulphur. In the acid open hearth these two impuri- 
ties are not even partially removed. Due to the comparative scar- 
city of scrap with a guaranteed low phosphorus content and to the 
higher price of low phosphorus pig iron, the acid process has 


dropped in production until it is less than 5 per cent of the total 
open he rth tonnage. 
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It is generally accepted by metallurgists that acid op: 
is superior to basic open hearth steel. This is due to t¢} 
ences in character between the acid and basie slag used i) 
The acid slag permits more deoxidation to be accomplished. 4] is A 
the steel is freer from dirt, entrapped slag, and gas. Acc an 
although acid open hearth steel is higher in both sulphur an ; 
phorus, it is superior in quality to basic open hearth ste! 
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Fig. 15—Sketch Showing a Section Through a 100-Ton Open Hearth Furna g t() all 
the Checker Construction. ; 


s abe 
lime 
acid process is still generally used in the produetion of high gra¢' aa 
alloy and tool steels, and finds its greatest use in the manufactur 
of steel for heavy ordnance, guns, armor plate, and the like, whe! 
very high quality is necessary in large tonnages. In armor plat 
basic open hearth steel has failed to pass the rigid requirements 1! 
nearly every case, while acid steel is practically always acceptabl 
It is probable that in this field the electric process will encroac 
seriously on the acid open hearth in the future. 


Basie open hearth steel goes into such products as rails, struc 
tural shapes, ship plates, railway material, and the like; product 
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ake up 60 to 70 per cent of the total steel consumption 


al 


The Open Hearth Furnace 


\ seetion through a modern 100-ton open hearth furnace is 
sown in Fig. 15. The furnace proper is a rectangular’ brick 


Fig. 16—Perspective View of a Model 100-Ton Open Hearth Furnace. 


hamber built on a conerete and steel foundation and supported 


¢ 
¥ 
¥ 
‘ 
¥ 
¥ 
\¥ 
¥ 
‘ 
t 
¥ 
¥ 
v 
¥ 
¥ 
¢ 
‘ 


WZ 


by steel channels and beams. The steel members are held across 
the top by tie rods made adjustable so the tension can be changed 
to allow for expansion and contraction. The 80- to 100-ton furnace 
s about 80 feet in length and 18 to 20 feet in width, outside 
limensions. The hearth is about 40 feet long and 14 to 16 feet 
n width. The depth of the molten metal varies from 20 to 24 
ches. The details of construction are so clearly shown in Fig. 
lb that no additional explanation is necessary. 

The front or working side of the furnace has 3 to 5 doors, 
ater-cooled, and operated either electrically or hydraulically. 
The back or tapping side is solid brickwork. In the center and 
lear the bottom is located the tap hole. This is shown in Fig. 16. 

beneath and somewhat to the rear of the furnace are located 


‘evenerative chambers (checkers). These have been described 
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ugust 


in a previous section. The gas checkers are smaller in gj 
the air checkers, as is apparent in Fig. 15. All four chee 
connected to the stack, which is 150 to 175 feet high. This hejo}; 
is necessary, as the gas and air are drawn into the furnace and ti, 
hot gases out through the checkers solely by the stack drat 
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Fig. 17—Sketch Showing a Section Through a Basic Lined Open Hearth Furnace Showing 
Details of Lining. 


before the stack is reached are located the reversing valves, usually 
water-cooled, which are necessary to change the direction of fio 


of the preheated air and gas into the furnace and the corresponding 
furnace gas to the stack. 





The lTaning 


Details of the lining in the basic furnace are shown in F'ig. 1’ 
The bottom proper is ground magnesite sintered onto magnesite 
bricks. The bottom is put in while the furnace is hot. The mag: 
nesite is mixed with about 10 per cent basic slag and a little tar 
and shoveled into the furnace in layers. The intense heat serves 
to sinter and set the refractory as a glass-hard vitrified layer. The 
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purpose of the slag and tar is to assist in the setting, probably by 
sight) lowering the fusion point of the magnesite. In those parts 
of the furnace where the slag or metal does not come into contact 
with the refractory, the upper part of the walls and the roof, for 
example, siliea bricks may be used. These bricks are cheaper and 


are stronger at high temperatures than magnesite. Around the 
air and gas ports, where the refractory receives the full heat and 
foree of the flame, chrome bricks and chrome cement are used. 
This refractory is the most resistant to the abrasive action of the 
fame and to the dust and fumes. 

In the acid furnace the lining is constructed in much the 
same way. Siliea bricks are used and silica sand for the bottom 
proper, instead of magnesite. A little iron oxide is mixed with 
the sand to aid in sintering the refractory in place. 

The lining of the furnace lasts about 600 heats. At the end 
of this time (about 250 days) the furnace must be practically 
rebuilt. Roofs usually last about 300 heats. The ports and the 
bulkheads beneath them are subject to the most severe wear and 
are usually repaired on Sunday. It is essential that the ports be 


watched carefully, as uneven erosion and wearing away of the 
bricks may change the direction of the flame. Repairs are made 
to the bottom and banks after each heat. Dolomite is ordinarily 
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used for repairs and sets rapidly to the white hot botto, 
amount used varies from 2000 to 4000 pounds. 


Charging the Furnace 







Open hearth furnaces are charged with a mixture of sera 
and pig iron. The proportion used varies according to the relatiy: 
cost of each. Under average conditions about 60 per cent of the 
charge is scrap, the balance pig. Plants having blast furnaces aq) 
molten pig iron to the furnace when the scrap is nearly melted 
The use of molten pig iron speeds up the process and in veneral 
reduces the cost. 









In the basic process. limestone for the slag is charged on the 
bottom of the furnace. The scrap is charged next and the pig 
last. Charging is done mechanically. The limestone, scrap and 
pig are loaded by cranes into charging boxes (Fig. 18). These 
boxes, three or four to the ear, are spotted in front of the furnace 
Each box is picked up by the charging machine, carried in through 
the door and dumped. The operation is shown in Fig. 18. It is 
usually impossible to get all of the charge in the furnace at once 
In this case a part of the pig and a little scrap are held out ani 
charged after the material in the furnace is partly melted. 
















Operation of the Furnace in the Basic Process 


As soon as charging is completed the gas is turned on and the 
scrap and pig iron melted. This takes 6 to 8 hours, during whic! 
time the direction of the flame is reversed 3 or 4 times an hour. 
When melting is complete the limestone has been mostly calcined 
The evolution of carbon dioxide makes the slag foam and swell t 
many times its original volume. The slag hole is then opened and the 
slag run off into the pit. As the metal gets hotter and more flu 
the lime starts to break loose from the bottom and rise to join th 
slag. This takes nearly 2 hours and is known as ‘‘boiling on the 
stone.’’- After the lime is all up, the furnaceman adds ore to 
remove the carbon to the point desired. The manganese and silicon 
are eliminated during melting, most of the phosphorus while boil 
ing on the stone and the carbon during the rest of the heat 
After melting is complete it takes 3 to 5 hours to get thie stee! 
in shape and ready to tap. When the heat is finished the ladle 's 
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placed in position and the tap hole opened, the steel and slag run- 
ing out of the furnace into the ladle, as shown in Fig. 19. As the 
ladle fills with steel the slag overflows into a slag buggy or pan 
wiv, 19). While tapping, the metal is recarburized.  Ferro- 
manganese or spiegeleisen is always added. If the carbon in the 


sera | alloy is not sufficient to give the desired percentage, bags of crushed 
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19—Tapping an Open Hearth Heat. This Picture Shows the Teeming Ladle and 
w of Slag into the Slag Pan. 
n hour, 


ileined anthracite coal are thrown into the ladle when partly filled with 
well t steel. In making medium and high earbon steels recarburization 
and the is usually affected by adding molten pig iron. In basic open 
re fluid hearth practice there are two general methods of finishing the heat. 
oin the The heat may be melted low in carbon (the usual method) and 
on the the metal recarburized as noted above or the metal tapped when 
ore to the carbon percentage in the bath is approximately that desired. 
silicon This is known as ‘‘eatching the carbon on the way down’’ and 
le boil demands a high degree of skill on the part of the furnaceman. 
The progress of an open hearth heat during refining is watched 
closely by the melter. He judges the temperature by the viscosity 
ot the metal as he pours a spoonful into a small test mold and by 
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other means according to his experience. He can estim 
carbon content accurately by breaking a small test piece 
metal and examining the freshly fractured surface. 
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Fig. 20—-Graphical Representation of Refining a Heat of Steel by 
the Basic Open Hearth Process. 


Chemistry of the Basic Open Hearth Process 






The progress of refining in the basic process may be followed 
in a typical heat shown graphically in Fig. 20. In this graph, tim 
is plotted against percentage. The heat was melted at 9:15 p. m 
By 10:00 p. m. all of the silicon and most of the manganese have 
been removed by reactions (1), (2), and (3a, 3b). The man 
ganese and iron silicates rise to join the slag. 


(1) Si + 2 FeO > SiO, + 2 Fe 
(2) Mn + FeO ~ MnO + Fe 
(3a) MnO + SiO, ~ MnSi0O, 
(3b) FeO + SiO, > FeSiO, 











The oxidizing constituent, FeO, comes from oxide or rust 00 
the scrap, from the oxidation of the solid iron by the oxygen in th’ 
furnace gases, or from iron oxide (iron ore) added purposely. !t 
will be noted that these first reactions are identically the same 
as occur in the acid Bessemer process already described. 
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The phosphorus is oxidized by reaction (4a, 4b, 4c) and passes 


(4a) 2P + 5 FeO > P.O, + 5 Fe 
(4b) P,O, + 3 FeO > (FeO), P.O, 
(4c) (FeO), P,O, + 3 CaO > (CaO,) P,O, + 3 FeO 


the slag partially as ferrous phosphate (4b) and partially as eal- 
eium phosphate. Ferrous phosphate is relatively unstable, so, 
when an excess of calcium oxide is present, which is the case when 


F the lime comes up, reaction (4c) takes place and all of the phos- 


phorus oxidized will be held permanently in the slag as calcium 
phosphate. 

The phosphorus is practically all eliminated before the carbon 
see Fig. 20). That is because the oxidation of the phosphorus is 
exothermic (liberates heat) and the oxidation of the carbon is 
endothermie (absorbs heat). 

The carbon is oxidized by reaction (5): 


(5) COC + FeO > CO + Fe 


The rapid evolution of the carbon monoxide gas produces the 
boiling of the bath characteristic of the ‘‘oring down’’ period. 

The heat shown in Fig. 20 was completed at 2:45 a.m. The 
effect of the recarburization on the various elements is shown by 
the percentage 5 minutes later. 

As in the Bessemer process the reearburizers and the manga- 
nese serve also to deoxidize the metal and thus produce sound 
steel. In the ease of rails and other medium and high carbon 
steels ferro-silicon is also added. This alloy serves to eliminate 
gas. The reaction (6) reduces 


(6) 2CO + Si>Ssi0, + C 


the carbon monoxide dissolved or held by the molten steel to carbon 
and thus prevents the formation of blowholes and kindred defects. 


The Acid Open Hearth Process 


The operation of making an acid heat differs from basic 
practice only in the details. No limestone is charged. The heat 
is melied in the usual manner. All of the manganese and silicon 
are eliminated by reactions similar to (1), (2), and 3a, 3b), noted 
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above. The carbon is oxidized by adding ore (iron oxid 
the basic furnace. Phosphorus and sulphur are unaffect, 
difference between the chemistry of the basie and acid pr. 
due chiefly to the characteristics of the slag. Without goino 
tails it might be said that the acid slag contains a much sma 


centage of active oxides (FeO) than the basie slag. As s|a: 


Fig. 21—Stripping the Ingots of an Open Hearth Heat of Steel 


metal. are always tending to establish a stable equilibrium {! 
same will hold true for the ferrous oxide dissolved in the moltei 
bath. Thus acid steel will be more completely deoxidized tha 
basic steel and thus sounder. The acid slag has a higher surface 
tension than the basie slag and so protects the metal from ¢! 
furnace gases more effectually. 


The acid slag contains about 55 per cent silica, the balane 
being principally ferrous and manganese oxides. The basic slag 
is made up of about 45 per cent calcium oxide, about 20 per cent 
silica, and the balance ferrous and manganese oxides. In this slag 
the CaO and SiO, are combined to form ealeium silicate, while th 
iron and manganese oxides are mostly uncombined. In the acid 
slag, these oxides are in the form of iron and manganese silicates 
and thus not active oxidizing agents. 
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Open Hearth Ingots 


After the heat is tapped the metal is teemed into ingot molds. 
Teeming is done through the bottom of the ladle. The mechanism 
of teeming is shown in Fig. 14. The steel ingots in open hearth 
practice weigh between 5000 and 400,000 pounds each. The aver- 
age size is 5 to 15 tons. After the ingots have partly solidified, 
that is, after the surface of the metal in contact with the mold 
walls has become comparatively cool, the ingots are taken to the 
stripper, where the molds are removed. The operation of strip- 
ping is shown in Fig. 21. The stripper consists of a pair of exter- 
nal jaws and an internal ram. While the ram presses down on the 
ingot the jaws lift the mold up. 

Ingot molds are made of cast iron and taper 0.1 to 0.2 inch per 
running foot. This facilitates the stripping. The inside of the 
mold is smoothly machined and is sprayed with whitewash between 
heats. This prevents the metal from sticking to the mold wall. 
If this does oceur, the ingot is known as a ‘‘sticker’’ and in severe 
cases of sticking, when the thick, solid skin of metal is torn in 
stripping, letting the still molten interior of the ingot run out the 
ingot is known as a ‘‘bleeder.”’ 

After stripping, the hot ingots are taken to the soaking pits 
to be reheated for rolling. 


THe ELectrric PRocESsS 


The electric process for the manufacture of steel is a compara- 
tively recent innovation into ferrous metallurgy. The Heroult 
turnace was invented in 1900, but it was not until about 1912 that 
serious attempts were made to produce steel commercially with 
the are furnace. The demand for high grade alloy steels has stead- 
ly increased in the past 15 years. Until 1912 high quality alloy 
and tool steels were produced by the acid open hearth or crucible 
process. The fact that the acid open hearth does not remove phos- 
phorus and sulphur, even partially, has greatly restricted its use 
‘or quality steels, as the purchaser has insisted that these two 
elements be kept below 0.040 per cent and, if possible, below 0.030 
per cent. The crucible process produces a high grade steel, but 


in lots of only 100 pounds and at an excessively high cost. 
When it was discovered that impure raw materials could be 
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refined in the electric furnace and that the steel produ cd 4, a 
proached crucible steel in quality, the electric process -eived 10 ton 
a great impetus. The electric process is now well establi tion t 
the only steel making process which will produce steel of t\,, tensiV' 
est quality in tonnage lots. eastin: 


Characteristics of Electric Steel 


The superior quality of electric steel is due to the several dis 
tinct features of the process which may be summed up as follows 


The process is extremely flexible, permitting any grade or kind 
steel to be produced. 

As the source of heat is the electric are, the slag and atmospher 
the furnace may be made oxidizing, reducing or neutral. Thus |\y 
phosphorus may be removed by an oxidizing slag and the sulphu 
removed by a deoxidizing slag. 

Because of the deoxidizing conditions possible, a metal may | 


produced that is practically free from dirt, slag, gas, or oxidation 
defects. 


Very high temperatures are possible, permitting reactions in the 
metal and slag to become completed very quickly. Also, due to the 
intense heat of the arc, the slag may have physical characteristics 


impossible in any other steel making process. possil 
SS 


. : : foun 
The only disadvantage of the process is high cost which, o! | 


course, restricts its use to those steels in which quality is the chie! 
requisite. 

Electric steel is usually low in phosphorus and sulphur and, 
generally, almost free from slag inclusions, gas, and segregation mak 
Electric steel is much superior to either acid or basic open hearth rhe 
steel and often approaches crucible steel in quality. The product the 1 
of the electric furnace includes alloy steels for the aircraft and _ 
automotive industries, high grade plain carbon steels, and carbon tiff 
and alloy tool steels. the | 

Two general methods are in use for the manufacture of elec carb 
tric steel: the first is known as the cold scrap process; the second ype 
as the hot metal process. In the former, serap is charged into the ot h 
furnace and melted under an oxidizing slag. This slag is the heat 
removed and the metal finished under a deoxidizing (reducing wie 
slag. In the hot metal process the electric furnace serves 4s ! ; 
super-refining medium. Molten steel partially refined by the basi Stat 
open hearth process is tranferred to the electric furnace where thre 
refining is completed. ” 
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K\irnace capacities in the cold scrap process range from 1 to 
1) tons; for the hot metal process, from 10 to 40 tons. In addi- 
‘ion to melting steel for ingots, the electric furnace is used ex- 
‘onsively in small sizes (3 tons or less) for producing steel for 
aastings. The flexibility of the process and the high degree of heat 


Fig. 22—Sketch Showing the Plan of a 7-Ton Heroult 
Electric Furnace Showing the Arrangement of Carbon Electrodes. 


possible makes the electric furnace preeminent in the jobbing 
foundry. 


Types of Electric Furnaces 


There are three general types of electric furnaces used in steel 
making: (1) induction; (2) indirect are; and (3) direct are. 
The induction furnace is constructed on the transformer principle, 
the molten bath forming the secondary side. The induction fur- 
nace has not been successful in this country, due to mechanical 
difficulties and relatively low temperatures in the metal bath. In 
the indirect are furnace the heat of the are between two or more 
carbon electrodes above the bath is radiated to the charge. This 
type furnace has not been successful, due to uneven distribution 
of heat. Near the surface of the bath the metal may become over- 
heated, while near the bottom and banks of the furnace the charge 
is too cold. 

The direct are furnace is used almost exclusively in the United 
States, and more than any other type abroad. In this furnace 
three or more electrodes are let down through the roof, each elec- 
trode at the corner of an isosceles triangle, as shown in Fig. 22. 
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The are is between the electrodes and the molten slag and ba 
metal is thus heated by resistance as well as by the are. 


General Details of the Direct Are Furnace 





The direct are furnace is shown in section in Fig. 23. 
nace is a cylindrical steel shell lined with refractory materia 
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J- Spout 

H- Molten Meta/ 
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Fig. 23—Sketch Showing a Section Through a 7-Ton Heroult 
Electric Furnace. 





Fig. 23 shows the details of the lining, the arrangement of the ele 
trode control, and the mechanism by which the furnace is tilted. 
The power supply for the furnace is brought into the plant 
by a high voltage feeder. This power is stepped down to th 
current used by the furnace by means of oil transformers. 
Most direct are furnaces are 3-phase. The 7-ton furnae 
shown in Fig. 23, operates with a current of about 10,000 amperes 
on each phase at 90 to 100 volts. The average power factor } 
about 0.90. Most of the high cost in operating electric are fur 
naces is caused by the high power consumption in melting the col 
charge, and is partially due to erratic current surges when thie ar 
makes and breaks on the scrap during melting. These currell! 
surges are often responsible for a high stand-by or demand charg’ 
which the steel company must pay whether the furnace is operating 
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These excessive costs are not present when the electric 
furnace is used solely to refine molten metal. 

The electrodes are either amorphous carbon or graphite and 
vary in diameter according to the amount of current they must 
arry. Kor the 7-ton furnace, shown in Fig. 23, carbon electrodes 
ve 17 inches, and graphite 12 inches. 

Klectrode control is automatic. A eable connects each eleec- 
trode to a motor (see Fig. 23). The motor is operated, by a series 
of relays and contactors. When the regulating rheostats are set 
on the points determining a definite current input as measured 
by the length of the are and as shown on the ammeter, the raising, 
braking, or lowering contractors adjust themselves automatically, 
controlling the motor movements and, regardless of internal con- 


(itions in the furnace, keep the are at a fixed length, resulting in 


, constant temperature indefinitely. 
The Basic Electric Process 


The operation of the electric furnace is divided into two 
periods: the oxidizing and deoxidizing period. The oxidizing 
period is an almost exact duplication of basic open hearth practice 
in the reactions and in the character and composition of the slag 
and so will not be described in detail. Oxygen introduced as iron 
oxide (ore) oxidizes the silicon, manganese, phosphorus, and ear- 
bon by the same reactions as in the basie open hearth discussed in 
the previous chapter. 

After oxidation is completed the slag is removed and a new 
slag of lime, eoke, and fluorspar made. This slag has different 
characteristics than the slag of any other steel-making process. 
Carbon is added to the slag in the form of powdered coke. At the 
igh temperature of the are this carbon reacts with lime to form 
valclum carbide, a reducing agent of great potency. The carbide 
slag serves to deoxidize the-metal bath completely and free it from 
lerrous oxide and other foreign impurities, which are responsible 
tor low quality steel. In addition to its power of deoxidizing the 
slag it also has the power of reacting with the sulphur in. the 
molten bath, forming ealeium sulphide, which is soluble and stable 
i the slag. Thus in the electric furnace, positive dephosphoriza- 
lion and desulphurization are possible. This is an advantage held 


} 
t 


Xy no other iron or steel making operation, as noted in Table VI. 
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In the hot metal process the oxidation period is abse: 
tion being carried on in the open hearth furnace. The ¢lectp; 
furnace is used solely for deoxidizing and desulphurizing \\jt}; ;), 
deoxidizing slag. 


OXida. 





Table VI 


Removal of Sulphur, Phosphorus, and the Impurities Present in the 
Iron and Steel Making Processes 






Rank cae” 
Process Product Respect to Sulphur Phosphorus Nie in 
Quality Removal Removal ties in 





Blast Furnace Pig Iron J A variable None Not 


amount* ortant 
Acid Bessemer Steel None None \ 













Basic Open Hearth Steel 5 A small Complete Slightly less 
amount** 
Acid Open Hearth Steel None None Less 


Acid Electric Steel 
Basic Electric Steel 
Crucible 


None None Less tha 






Complete Complete Very f 










-—- wo wo 





Steel 





None None 
*In the blast furnace sulphur is under furnaceman’s control. 
**In basic open hearth sulphur removal is erratic. 














The Acid Electric Process 





The acid electric process is practically identical with the acd 
open hearth, except that the heat is supplied by the are instead oi 














by the combustion of a gaseous fuel. The character and composi. 
tion of the slag and the refining reactions are the same. \0 
sulphur nor phosphorus are eliminated in the acid electric process 


The process finds its greatest use in the production of steel {0 
castings. It is more rapid and the cost is less than the basi 
process. It has the great advantage over the open hearthi proces 
in the foundry in that small charges may be melted rapidly instead 
of a large charge at long intervals. The 3-ton acid furnace wil 
tap 6000 to 7000 pounds of superheated.steel every 2 or 3 hours 
The smallest open hearth which can be operated efficiently is about 
15 tons which taps in 6 to 8 hours. Another advantage of the 
electric furnace is that the investment required for a given tonnae: 
is much less than for an open hearth. These advantages more tha 
offset the higher cost of power. Comparing the cost of elect! 
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steel! for casting with open hearth or Bessemer steel of like com- 
position, the former is cheaper. 

\eid eleetrie steel has no deoxidizing period, hence it is not 
of such high quality as basic steel. The acid slag, though, has 
much higher surface tension than the basic slag, which is a factor 
of vreat importance in producing small and intricate castings free 
from defects. 


THE CRUCIBLE PROCESS 


The crucible process -is the oldest known method of making 
steel. The century-old reputation of English Sheffield steel is 
due to the high development and resultant perfection attained by 
the process in that district. Crucible steel is supposedly the finest 
steel made. For many years all of the finest cutlery and tools 
were made of crucible steel. There is no doubt but that crucible 
steel is far superior to the product of the Bessemer, acid open 
hearth, or basie open hearth process, and in most cases superior to 
the product of the electric furnace. It is, however, possible to 
make just as good steel in the electric furnace as in the crucible: 
some is being made today and more will be made in the future 
when the refining reactions in the electric process are more thor- 
oughly understood. 

The reasons for the superior quality of crucible steel are as 
follows: 

1. The steel is made in small lots; each melt of 100 pounds 
receives as much care from the melter as though it were 100 tons. 

2. As the process is inherently costly and as no refining at 
all is possible, only the purest raw material can be used. 

5. As the process consists solely of melting and alloying the 
various raw materials, no dirt or like impurities are introduced 
into the metal by refining reactions. 

+. In addition to the above (3) the small amount of slag, 
dirt, or other foreign matter already in the raw materials has 
sufficient time for it to join the slag. 

». The slag is acid in character, thus having a high surface 
tension, a very desirable characteristic of a steel-making slag. 

6. As the process is extremely old, it is correspondingly well 


understood and has reached perfection through a slow but steady 
evolution. 
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The crucible process may be divided into two stages: iWeltiny 
and killing. 


Melting the Charge 


‘The charge in the crucible process is made up of wroug) ror 
together with ferromanganese and such other alloys as are 
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Fig. 24—Sketch Showing a Section Through a Crucible 
Melting Furnace. (Stoughton, Metallurgy of Iron and Steel, 
p. 3). 





sary for the steel made. In England, wrought iron from Swedisl 
pig is almost always used; in this country, there is a tendene) 














to SU! 


} orade 
: result 
sO, hu 


wedish 


ndencs 


MANUFACTURE OF IRON AND STEEL 


to substitute low carbon steei scrap for the wrought iron. 

I practically every case, the substitution of scrap for high 
crade wrought iron has resulted in reducing the quality of the 
resulting steel. There is no theoretical reason why this should be 
«o. but it has been found by experience to be the case. 

The charge of about 100 pounds is packed in a graphite and 
clay crucible and the pot lowered into the melting hole. The 
a" hole or crucible furnace is shown in Fig. 24. It is usually 
, regenerative gas-fired furnace. Each melting hole will hold 4 or 
« crucibles. The entire furnace may extend along one side of the 
melting building and will hold between 18 and 60 erucibles. 


Killing the Charge 

\fter about 2 hours the charge is molten. The pot is then 
lowed to remain in the furnace 30 to 45 minutes longer. At 
the end of this time the metal is “‘killed’’ or ‘‘dead’’ and pours 
quietly without sparking. During this period all of the slag, ox- 
ides, and other impurities in the raw materials have an opportunity 
to coalesce and rise to join the slag. The ‘‘killing’’ or removal 
of impurities is sometimes assisted by adding ‘‘physic,’’ such as 
salt, manganese oxide, ete., to the charge. These physics probably 
act as deoxidizers or scavengers and also make the slag more fluid 
bv lowering its melting point. 

With the exception of this cleansing going on during the 
‘killing’? time, there is no refining in the erucible process. Sul- 
phur and phosphorus are unaffected and, hence, must be low in 
the materials charged. 

After the metal is killed, the melter’s assistant, known as a 
~puller-out,’’ almost completely swathed in damp asbestos or sack- 
ing, opens the melting hole and, grasping the crucible by a pair of 
tongs, pulls it onto the floor. The crucible is set into a shank, 
picked up, and the contents poured into a small ingot mold. 

Ingots range from 100 to 1000 pounds in weight. In the case 
of the larger ingots the contents of 10 to 15 erucible pots are 
poured into a ladle from which the ingot is teemed. 


As an example of the possibilities of producing crucible steel 


a large scale may be cited the Krupp practice in Germany about 
l) years ago, where forging ingots for large calibre guns which 


VW 


eighed up to 100,000 pounds or more were made from the com- 
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bined contents of 1000 or more crucible pots melted at t! 
time and poured into one ladle. 
The writer wishes to acknowledge the kindness of the foi lowing 


firms who supplied the illustrations: Koppers Company ; Wl|may 
Seaver-Morgan Company; Inland Steel Company; Trumbu!|-(lis 
Iron Company ; Steel and Tube Company of America, Mark \Vorks 
Blow-Knox Company; Mansfield Sheet and Tinplate Company 
Youngstown Sheet and Tube Company; MeGraw-Hill Boo Des 
pany. 
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ONTEMPORARY HEAT TREATING PRACTICE 


By C. B. BELus 


Wing 
[Iman Abstract 
Cliffs 
Vorks: This paper describes the hardening room of several 
\pany plants in the Eastern scetion and outlines briefly heat 
ce! treating processes as carried out in the small plant and 
| one that might be termed a fairly large plant. 
The author has described some of the methods of 
hardening amd carburizing tools and steel parts. 


HERE ean be little doubt that the best way to learn some- 
T thing of present day heat treating practice is to visit one 
or two typical plants and there follow some typical tools or parts 
through the heat treating department. The small plant differs 
considerably from a large one in administration and somewhat 
in practice. The cost advantages of large scale production and 
scientific control are lost, but there is gained the important ad- 
vantage of greater personal attention to each unit of product. 

The differences between the small and the large plant make 
it advisable, it seems, to take a trip to one of each where we shall 
see how materials are handled in heat treating. Not how it ought 
to be done, but how it ¢s done. 


Heat TREATMENT IN A SMALL PLANT 


In the small plant it is unusual to find a metallurgist or a 
laboratory but the chief hardener is usually a man who is capable 
of making up a good part of this deficiency. The bulk of the steel 
to be treated is generally of comparatively few types which have 
hecome well known to the men in the hardening room. It is 
usual practice for each tool to be stamped with code letters de- 
noting the kind of steel of which it is made. The hardening room 
foreman has a chart which records the analysis and the treatment 
recommended by the steel manufacturer. In the ordinary run of 
work the man at the fire uses a standardized treatment for the 
particular tool bearing a given set of code letters. He receives 


a 


The author, Clifford B. Bellis, member A. 8. 8S. T., is consulting 
metallurgist, 161 Milk St., Boston. 
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a slip of paper with each batch of work upon which is iy 
any deviation from normal procedure. 

A small plant near New York producing form cutting too) 
has maintained for years an excellent reputation for a quali 
product by the use of this system. There is no laboratory and 
no metallurgist. The advice of the steel salesman, plus a litt); 
common sense and a great deal of experience on the part of th, 
hardening room foreman combine to produce a tool that is suc 
cessfully meeting all competition on the ground of quality and 
performance. Of course, there is plenty of unpleasant adyic 
exchanged between the heat treating and other departments, }y) 
there is nothing unusual in that, and besides, it has been found 
that buck-passing does not disappear with the advent of a lab 
oratory. 


icated 


In this little plant that we are visiting the cutters arrive a 
the hardening room in sets of ten or twenty where they are a 
once inspected by the ‘‘hardening room inspector.’’ This man has 
no connection with the regular staff of inspectors throughout th 
factory. He is an addition who has been found valuable in pro. 
tecting the interests of the heat treating department by catching 


before heat treatment any errors that might afterwards be blamed 
on that process. He also inspects the work before it leaves th 
department. 

When a set of tools has passed the incoming inspection it 1s 
placed upon a bench behind the man who is to heat treat it. On 
man handles this set from start to finish; he may have one or 
more helpers if necessary, but he bears alone the responsibilit) 
for the set from inspection to inspection. Knowing that he 's 
responsible if anything goes wrong, he insists on the best 0! 
equipment—and he usually gets it—and he takes good care of 
it. The hardeners in this plant use interval timers to time nearl) 
every heating operation. The intervals as well as the tempera 
tures are standardized for given tools and steels. And so th 
set of tools that we saw come into the hardening room moves, 3! 
the ring of a bell, from preheat, to high heat, to quench, to draw. 
and out. But Old Man Experience is standing by with a file in 
his hand to interrupt this clock-like regularity if necessary 


Heat TREATING ConTROL AND ADMINISTRATION IN A LARGER PLANT 


Between the small plants such as the one we just ‘‘looked 


1925 


in at’ 
of tool 
a bette 
these p! 
has tak 
popular 
A 
plant « 
here hé 
and we 
Unlike 
direct ¢ 
is mucl 
and ad 
TI 
diversi 
fundan 
treatm: 
for a | 
of part 
brand 
ber, OY 
‘ase of 
Duphe 
lureist 
T 
heat t 
and al 
and ¥ 
chine, 
S 
for ce 
provir 
for Vi 
solutic 
ing it 
condu 
super 
latter 





CONTEMPORARY HEAT TREATING PRACTICE 243 


‘nat’ and the immense automotive plants there is that great group 
of tool and machinery manufacturing plants that, for want of 
, better term, may be called ‘‘fairly large.’’ A few years ago 
these plants would have been called ‘‘very large’’ but that phrase 
has taken ON @ NeW Meaning since the automobile has become 
popular. 

A textile machinery manufactory may be taken as a typical 
plant of this class very much worth visiting. The metallurgisi 
here has a position of real responsibility. He maintains a large 
and well equipped laboratory, but his activities do not end there. 
Unlike the metallurgist of the typical automotive plant, he is in 
direct executive control of all the heat treating in the factory. He 
is much more than just a physical metallurgist; he is an engineer 
and administrator, as well. 

The ‘‘system’’ in this plant is complicated somewhat by the 
diversity of the tools and parts that are being made, but it is 
fundamentally a simple one. For each. part that requires heat 
treatment there exists a sheet of typewriter-size paper, punched 
for a loose-leaf book, on which appear the following data :—Name 
of part or tool; sketch of the latter; kind of steel (manufacturer’s 
brand name); analysis; heat treating instructions; hardness num- 
ber, or other testing data or instructions (as, for instance, in the 
case of a spring, instructions to test one of each lot to destruction). 
Duplicate copies of this data sheet are kept on file by the metal- 
lurgist, foreman of the hardening room, chief engineer, ete. 


The intervals, temperatures, and methods described im the 
heat treatment instructions are prescribed by the metallurgist 
aud are the result of long experience in producing machine parts 
and watching their performance throughout the life of the ma- 
chine. 

Small-scale heat treating apparatus is used in the laboratory 
for developing the correct heat treatment of new parts and im- 
proving the heat’ treating methods of parts that have been used 
lor years; but the ‘principal function of the laboratory is the 
solution of the metallurgical difficulties that are continually aris- 
ing in any plant where steel is fabricated. The laboratory also 
conducts routine inspection of raw materials and product, and 
supervises the periodic checking of the plant’s pyrometers.’ The 
latter are also’ sent back, once a year, to the manufacturer of the 
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August 





instrument for a thorough overhauling and recalibratio: 

A lay-out clerk, whose desk is stationed at the entra: 
hardening room, receives the work entering the depart 
signs it to a furnace or series of furnaces, and makes a: estimate 
of the time when it can be expected to leave the departm nt. 7), 
value of this information (if it is dependable) is obviou 

With each furnace-load of parts or tools there is a spare pay 
or “‘teller’’ which can be removed from the furnace for inspectig, 
during the heat. 

As in the ease of the small plant the responsibility foy ti 
tool in its passage through the heat treating department is largely 
on the shoulders of the man at the fire. If the treatment \ 
simple (for instance, a quench and a temper) it is done entirely 
by one man. If it is more involved (as in the case of a carbury. 
ing job followed by a double heat treatment) it may pass throu) 
the hands of two or more men. The foreman does little beside 
eheck up the men. Sometimes he personally handles a special 
die or roll, but as a rule his capacity is that of an overseer, 


’ of the 


‘ENT, ag. 




















HieoH SpEED STEEL HARDENING 





Let us follow some work in its trip through the hardening 
room. A batch of high speed cutting tools arrives at the lay-out 
elerk’s bench. It so happens that their shape is not familiar to 
him so he leoks up the data sheet corresponding in number to the 
figures stamped on the tools. He finds that it is the regular high 
speed steel of a well known maker, of standard analysis, that it 
is to be used for heavy lathe work where it will probably run a 
a red heat, and that its surface need not be kept entirely scale 
less. (If a perfectly clean surface were of greater importance 
than heavy duty performance, the recommended treatment would 
be different. A salt bath might be used.) 

Glaneing at the hardening instructions, we see that the regi: 
lar high speed treatment is prescribed, and we follow the bate 
of tools across the room to the corner where high speed steel ! 
hardened. Each tool is attached to a heavy suspending wire at 
placed in the preheating furneae. This is an oven furnace sit! 
as is often used for hardening carbon steel. From this the tol 
are removed a few at a time, the number depending upon thet 
size, and suspended in the high temperature furnace. hie latte’ 
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‘; worth looking at. It is a gas-fired pot furnace containing a 
deep -arborundum crucible, and has a two-piece cover so made that 
tools can be suspended from above and observed through the open- 
ing left for the suspending wire. (Fig. 1.) Carborundum is 
used not only on account of its great resistance to high temperature 
dames, but also because it has an extremely high heat conduc- 


Fig. 1—Vertical Muffle or Empty Crucible Furnace for Harden- 
ing High Speed Steel. 


tivity. The furnace is maintained at a temperature somewhat 
higher than that at which high speed steel is hardened and the 
tool or tools hanging in it are carefully watched. When the tool 
begins to ‘“‘sweat’’ it is removed and quenched in oil. This is 
one of those eases where the eye of the man at the fire has been 
found to excel other means of controlling the treatment—even 
in a plant having real scientific management and control! 

After the tool in the quench has thoroughly cooled it is drawn 
at 1100 degrees Fahr. (595 degrees Cent.) in a muffle furnace and 
requenched. It is then washed in a boiling solution of tri-sodium 


phosphate and soda ash, and sent up stairs where it is tested for 
hardness : 
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CARBURIZING 


Rotary gas carburizing machines are used for muc! 
case hardening work. It has been found that the use of a regia, 
carburizing compound packed in with the work has advantacy 
over the use of gas as the carburizing medium. By the ae @ 
the machine much time is saved over the alternate method 9: 
packing and luting a number of separate boxes for each fy 
nace charge. A portion of the work is unsuited to this procedure 
so we find that a regular oven carburizing furnace is also bein, 
used. 

It may be interesting to follow a batch of pinions throw! 
the case hardening and after-treatment. These pinions are abou 
as long as they are wide, have large teeth and are to be use 
in the drive of a heavy machine. They are subjected to severe 
and sudden stresses and are, therefore, given a treatment that 
will result in a tough core as well as a hard wear-resisting surface 

Here we see them being packed into the carburizing boxes 
The latter in this case are cylindrical, rather tall, and about fow 
inches greater in diameter than the pinions being treated. he 
boxes are of malleable iron, which lasts much longer than cast 
iron and is much cheaper than the alloys containing silicon, nicke 
or chromium. Where a box of given size and shape is used da) 
in and day out the alloy boxes prove to be the most economica 
in the long run, but for sizes that are used infrequently it has 
been found cheaper to use a box of lower first cost material. 

A layer of carburizing compound about two inches deep is 
spread upon the bottom of the box and solidly tamped. A pinio 
is placed upon this layer and then buried under about two inches 
more of compound. This is lightly tamped, and the process | 
repeated until the box is filled. At least two inches of com. 
pound cover the last pinion. The cover is now placed on tii 
box and sealed with fire clay. . 

The furnace is a large one of the gas-fired oven type, capable 
of maintaining any temperature up to 2000 degrees Fahr. wit! 
little or no variation throughout the oven or from hour to hour 
The refractory hearth has been rebuilt with lateral ridges so that 
the hot gases can circulate under the boxes. Most boxes have 
feet to provide for this effect but they are ‘riot high enough 
be of great value in this respect. (Fig. 2.) 
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boxes are placed in the furnace when the latter is cold 
oy nearly so, and the load is slowly and gradually brought up to 
ahout 1350 degrees Fahr. The temperature is then raised more 
rapidly to 1650 degrees Fahr. where it is maintained for a length 
of time depending on the nature of the work. Rough work is then 
quenched directly from this temperature, but as quality is of 


Fig. 2—Showing Method of Mounting Carburiz 
ing Boxes in the Carburizing Furnaces. The 
Lateral Ridges on the Hearth Provide for the Circu 
lation of Hot Gases Beneath the Carburizing Box. 


primary importance in these pinions they are cooled slowly in 
the furnace to receive later a double heat treatment. 


Heat TREATMENT AFTER CARBURIZING 


The following day the boxes are unpacked and the pinions 


are taken to the muffle furnaces used for carbon 
ne, 


steel harden- 
Here they are arranged on trays and placed in the furnace to 
he brought up to 1525 degrees Fahr. They are then removed 
individually and quenched by hand in oil. The treatment is 
repeated, quenching this time from 1375 degrees Fahr. The first 
of these quenches makes for the greatest possible toughness of the 
low carbon core and provides resistance to shock. The second 


quench hardens the high carbon case and results in a high degree 
of resistanee to abrasion. 


ALLOY STEEL MACHINE PARTS 


The plant we are visiting produces a large number of heat 
'reated machine steel parts and it will be worth our while. to 
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follow through the treatment of one of these parts tha‘ 
dled in quantity. Take the case of some finished shafts 
steel. The hardening of long round sections without d 
and at low labor cost has always been somethiny of a 
to steel heaters and the method so successfully used in t/ 

should be of interest. The shafts are handled in the fur)ac¢ on 
a rack holding about a dozen, heated to the correct temp rature 
and quenched in a specially arranged oil bath described jy 1918 
by D. K. Bullens.t The apparatus, Fig. 3, consists of a series oj 
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Fig. 3—-Diagram Showing a Convenient Method for Quenching Round Ba 
(After Bullens). 


inclined racks constructed, in the quenching tank, of small har 
held in place by heavier cross members. These racks are al 
ranged so that the shafts rolling down the inclines pass from 
one rack to the next, back and forth across the bath until they 
reach the bottom of the tank completely and uniformly cooled 
This method has been found to give the best possible results, and 
distortion has been cut down to the irreducible minimum 


MISCELLANEOUS 


The plant we are visiting uses salt baths for some purpose, 


‘Bullens, “Steel and Its Heat Treatment.” 
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and since this company has had many years’ experience with 
this method of heating we should, perhaps, notice what the re. 
suit has been. For drawing (tempering) especially where an at- 
tractive temper color is desired, they have found such satisfac- 
tion as to make the salt bath standard for this work. For ear- 
bon steel hardening they have given up the use of the salt bath 
except where a file-hard surface is unnecessary. For quick an- 
nealing they find it useful. For hardening high speed steel, we 
saw earlier that the salt bath might be used only in those spe- 
vial cases Where a perfectly unscaled surface is the primary 
requisite. 

Kor surface hardening, the cyanide bath is standard practice. 
\ large cylindrical pot furnace is used, ordinarily at a tempera- 
ture of 1450 degrees Fahr. The work is handled in alloy bas- 
kets, the whole being immersed in the molten cyanide, usually for 
about twenty minutes. The quench is direct into water, the basket 
being sharply dumped over the quenching tank. 
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NOTES FROM THE U. 8S. BUREAU OF STANDARD: 








APPLICATION OF CHROMIUM TO PRINTING PLATES 







A few years ago the Bureau cooperated with the United States |iurey 
Engraving and Printing in the development of an electrolytic 
the reproduction of engraved or intaglio printing plates, such as a 
printing securities. This process, which is still in use, produces plates hg 
a nickel printing surface which is not as hard as the casehardene 
which now part and formerly all of the plates were made. 

In order to increase the hardness of the nickel surface the application 
chromium plating was suggested. Scratch hardness tests made at the Bures 
of Standards have shown that electro-deposited chromium is harder thay 
steel. 
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During the past several months a process of chromium plating (evelo 


‘ 


by H. E. Haring, of this Bureau, has been successfully applied to the nick 
faced plates and to unhardened steel plates at the Bureau of Engraving 
Printing. In this process a deposit of chromium about 0.0002 in 

mm.) is applied to the face of the plate. Over 1,000 plates have been { 
treated, and as none of them has yet worn through on the presses it is not 


how 


possible to estimate their average useful life. The indications are, howevye 


















that the chromium-coated plates will yield several times as many impress 
as the nickel plates and at least twice as many as the casehardened ste 
The impressions are even better than from the originals and are very unit 
which adds to the security of the currency. It is estimated that ultimat 
this application of chromium will represent an annual saving to the (i 
ment of hundreds of thousands of dollars. 
The Bureau plans to continue this study of chromium deposition in 

to determine the fundamental principles and their relation to possible indust 
applications of chromium plating. 
























Cast IRON FOR ENAMELING PURPOSES 
The last report on this problem was published in Technical News Bulletu 
No. 95, March, 1925, and reprinted in April Transactions included the results 
obtained on a number of sample plates cast from northern pig irons claimed 
to blister on enameling. These castings were distributed to cooperatilg 
enamelers and also enameled in the Bureau’s laboratory. Both lots of sample 
plates were found to blister if enameled above a fairly definite temperatur 
that is about 1290 degrees Fahr. 

The three most probable causes of the blisters are as follows: A certal 
amount of gas is taken up in the blast furnace, due to some difference i 
operating conditions in northern furnaces. It has been assumed tliat 
remelting once in the cupola the gas is not removed, but it is on repeated 
meltings. Just why this should happen is not clear, because analyses 0! 
irons for oxygen, hydrogen, and nitrogen show no difference between 


nary and remelted irons. 


Communicated by the Director of the Bureau of Standards, Dr. G. K. Burgess 
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econd possibility is that some element not shown by ordinary analysis 
in the pig and is responsible for the trouble. Spectroscopic analyses 
ow any difference that can be considered significant. 
third possibility is that graphite may be present on the surface, and 
< not wholly removed by sand-blasting. At a sufficiently high enameling tem 
sorature this graphite would react with the oxides of the enamel to form 
sali monoxide, which causes blisters. By remelting something might 
happen to change the distribution of graphite, so that finally the surface after 
-and-blasting would be free from graphite. 

In view of the possibilities sample plates were prepared from two northern 
ons melted once in the electric furnace. The scrap produced was also re- 
melted and east into sample plates. One northern iron has been remelted in 
the cupola two times and sample plates cast. The test pieces made by the 
above methods have been enameled at the Bureau with promising results. It 
vas found that all plates cast from the first melting in the electric furnace 


blistered, but not as badly when enameled by the dry process as when 
enameled by the wet process. Sample plates obtained by remelting the scrap, 
hoth in the electric furnace and cupola, show no blisters when enameled by 
the dry process and a decided reduction in blistering in the wet process. It 
ppears that remelting the iron several times is quite beneficial in reducing 
the blistering of the enamel. Chemical analyses of the cupola and electric 
furnace melts have been made and microscopic examination is in progress. 
Some of this work is an extension of the original tentative program. 
unless other methods of attack appear more promising, the bulk of the orig- 


nal program will be followed, but will be modified as the results of the tests 
mav indicate. 


1 


INITIAL TEMPERATURE AND MASS EFFECTS IN QUENCHING STEEL SHAPES 


‘he Bureau has been studying the rates of cooling at the centers of vari- 
s sized spheres, rounds, and plates of steel immersed in different media, 
ich as air, oil, water, and 5 per cent sodium hydroxide. The effect of the 
juenching temperature upon these cooling velocities has also been investigated. 
\ definite relationship has been found between the surface per unit of 
volume (or weight) of any of these shapes and the cooling velocity obtained 
at their centers when they are cooled in the different media. These relation- 
ships ean be expressed by simple mathematical equations and are of a hyper- 
bole form which is close to a straight line for air and becomes more curved 
the cooling becomes more drastic. 
When the three shapes mentioned have the same surface per unit of volume 
they will have the same center cooling velocity when they are quenched in the 
same coolant from the same temperature. 


Charts have been worked out, so that if the rate of cooling at the center 
any of these simple shapes is known when quenched from any temperature 
nearly any of the common coolants the tate of cooling can be computed for 
iny shape from very small to moderately large dimensions when it is quenched 


rom any temperature between 720 and 1050 degrees Cent. (1330 to 1920 
legrees l'ahr.) in the same medium. 


+ 


1 
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If the cooling velocity which will completely harden any of ¢! 
steels is known, this information will give the maximum size of a: 
simple shapes which will completely harden to the center in near! 
the common cooling media. 


PISTON-RING FRICTION 


Measurements are being made at the Bureau of the friction of varioys 
designs of pistons. This work was authorized by the National Advisory Com 
mittee for Aeronautics, not with the idea of developing an ideal design byt 
rather to obtain information as to the influence which various features of 
design have upon the friction. Such information will be of value in predicting 
the performance of aircraft engines, particularly at altitude. 

In these experiments the friction has been determined by measuring thy 
power required to drive the engine with ignition and fuel shut off. Certain 
of these experiments have been made with the cylinder head removed, so that 
there would be no measurable amount of power consumed in drawing a charge 
into the cylinder and compressing and exhausting it. 

If measurements are made first with all the rings removed from the piston, 
and then with all the rings in place, but otherwise under exactly the same 
conditions, it would appear that the difference between these two readings 
would be a fair measure of the friction of the rings. While there is no reason 
to believe that such is not the case, the tests brought out the interesting fact 
that the friction of a piston ring as determined in this fashion is affected by 
the design of the piston with which the ring is used. For example, with th 
four-cylinder engine employed in these tests, the addition of the full set of 
theee rings to each piston increased the total friction approximately 5 horse 
power under certain test conditions. Under the same conditions the addition 
of the same piston rings to another design of piston increased the total fri 
tion less than 2 horsepower. It seems probable that the difference just 
mentioned is due to a difference in the extent to which the lubricant is dis 
tributed to the working surfaces. Whatever may be the explanation, it obv! 
ously is unsafe to assume that the friction of a piston ring will be the same on 
two pistons of different designs. 


N the 
| Janit: 
entered 
diseusslo 

Ina 
plane, 
itom 1n 
‘TOSS SCC 
tered cul 
The autl 
isa squa 
na fae 
nasses tl 
i plane 
by 6 otl 
traction 
hexagon, 
that he 
model 01 
each of § 
leaves 01 
spaced Vv 
face cen 
in the r 
the adja 

The 
hange 
in his 
tered cu 
mechani 
sandwie 
one of 
lor any 


es 


‘Th 
search | 





) that 


| arge 


STON, 
Same 
dings 


reason 


ed by 
th the 
set of 
horse 
idition 
l fri 

just 
is dis 
obvi 


ime on 


COMMENT AND DISCUSSION 


Comment and Discussion 


Papers and Articles Presented Before the Society and Published in 
fransactions Are Open to Comment and Criticism in This 
Cotumn—Members Submitting Discussions Are Requested 
to give Their Names and Addresses 


—— 
———— 


DISCUSSION OF E. J. JANITZKY’S PAPER ON ‘‘THE CAUSE 
OF THE CHANGE FROM ALPHA TO GAMMA IRON’’ 


By WHEELER P. DAveEy' 


\ the December, 1924, issue of TRANSACTIONS there is an article by E. J. 
| Janitzky entitled ‘‘ An Assumption as to the Cause of the Change of Body 
entered Alpha Iron to Face-centered Gamma Iron.’’ It is the purpose of this 
discussion to point out several corrections to this article. 

In a body-eentered cube the plane of highest atomic population is the 1 1 0 
plane. This plane passes through a cube edge and a face diagonal. Each 
itom in this plane is equally spaced from each of 4 other atoms, so that the 
ross section of the attraction field of an atom in this plane in a body-cen- 
tered cube is best considered as being a rectangle as is done by the author. 
The author states that the corresponding field in a face-centered cubic crystal 
isa square. This is clearly incorrect. The plane of highest atomic population 
na face-centered cube is the 1 11 plane. This is the octahedral plane and 
passes through the diagonals of 3 adajacent cube faces. The atoms in such 
, plane are arranged in equilateral triangles, so that each atom is surrounded 
by 6 other atoms in that plane. The cross section in this plane of the at- 
traction field in such an atom must be either an equilateral triangle or a 
hexagon, not a square. The great objection to the author’s viewpoint here is 
that he limits his consideration to a single plane in each case. A glance at a 
model of a body-centered cube shows that each atom is equally spaced from 
each of 8 other atoms. Any econsideratioon of attractive forces in a single plane 
leaves out of consideration the effect of the other 4 atoms which are equally 
spaced with the 4 which the author considers. In the same way an atom in a 
face-centered cube is equidistant from each of 12 other atoms, six of which are 
in the plane under consideration, 3 in the adjacent plane above it, and 3 in 
the adjacent plane below it. 


The mechanism by which the author imagines a body-centered cube to 
hange into a face-eentered cube is clearly untenable. To be sure, he is able 


in his Fig, 2 


to make one face-centered cube out of portions of 5 body-cen- 
tered eube S, 


But if this procedure is continued in all directions in space his 
mechanism would give a set of face-centered cubes in between which would be 
sandwiched other cubes, 5 out of every 6 of which would be simple cubes, and 


one of which would be a body-centered cube. Such a structure is unknown 
Tor any substanee 


see 


‘The author of this discussion, Wheeler P. Davey, is physicist, Re- 
‘earch Laboratory, General Electric Company, Schenectady, N. Y. 
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It is well known to all crystallographers’ that any face-centered 
prism may be considered as being a body-centered tetragonal ; 
axial ratio is V2 times as great. Since a cube is a special case 1 tet 
gonal prism this means that any body-centered cube may be cons 
face-centered tetragonal prism and vice versa. From this viewpoint jy 
to change from a body-centered cube to a face-centered cube, it 
to compress the structure along 2 face diagonals which lie in the sam 
and to stretch it in a direction perpendicular to that plane. 

A simple calculation shows that the distance which the atoms must tray 
when the crystal changes from a body-centered to a face-centered cub 
much less with the mechanism than with that suggested by the autho: 





let a = side of the unit body-centered cube. 
b = side of the unit face-centered cube. 
ec = side of base of the face-centred 


tetragonal prism mentioned above. 
d = altitude of that tetragonal prism. 


If the distance of closest approach of the iron atoms is the same j) 
face-centered as in the body-centered cube, 
b=a V3/2 = 1.22 a. 
Since c =a V2, the motion to contract e so as to make it equal b is 
e—b=a V2—a V3/2=0.19 a. 
Since d = a, the motion to stretch d so as to make it equal b is 
b—d=a V3/2—a= 0.22 a. 
The mechanism outlined above therefore requires a motion of less { 
half that required by the author’s mechanism (0.50 a), so that even if th 


author’s mechanism were possible, it would be much more likely to prod 
rupture of the metal than would the mechanism given above. 


It is equally well known to ecrystallographers’ that face-centered 
body-centered cubes may both be considered as being special forms of rhon 
bohedra. From this viewpoint a body-centered cube may be changed int 
face-centered cube by stretching it along a body-diagonal. The motion of 
each of the atoms may be resolved in 3 directions in such a way as to mak 
it clear that this is only another way of saying what was said in the preceding 
two paragraphs. 

It is hard to accept the author’s explanation for the cause of the chang 
from alpha iron into gamma iron, because it would lead one to expect a similar 
change in other body-centered cubic metals. Experimentally, such a chang 
not been found except in the single case of iron. Even here the face-centeret 
structure of iron has been shown by Westgren to go back to a body-centered 
structure shortly before reaching the melting point. Such a change fron 
face-centered cube to a body-centered cube with increase in temperature ® 
contrary to the theory outlined by the author. 

The mathematical check which the author gives at the end of his articl 
involves only the initial and final states, and has no bearing on the mechanis" 
involved in going from one state to the other. 





7W. P. Davey, General Electric Review, 27, 795 (1924). 
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ABSTRACTS OF TECHNICAL ARTICLES 


Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 


THE ESTIMATION OF PHOSPHORUS IN THE PRESENCE OF 
VANDIUM. By G. Watson Gray and C. Durham Garbutt. 

This article was presented at the annual meeting of the Ivon and Steel 
institute, May, 1925. Many methods of this procedure have been published 
lescribing the estimation of phosphorus in the presence of vanadium, but in 
the opinion of the present authors, none have proved satisfactory. A detail 
lest ription of the method is given. 


THE OXIDATION OF METALS AND ALLOYS AT HIGH TEM 
PERATURES. By Yuhatiro Utide and Makoto Saito, Science Reports of 
'ohoku Imperial University, Series I, Vol. XIII, No. 4. 

The authors give the results of the oxidation experiments at high tem- 
peratures measured by means of a thermobalance designed by Professor Kotaro 
Honda. A detailed description of the method of: measurement is given. 


ON THE EFFECT OF REPEATED QUENCHING ON THE HARD- 
\ESS OF CARBON STEELS. By Arata Katto, Science Reports of Tohoku 
imperial University, Series I, Vol. XIII, No. 4. 

The object of this investigation was undertaken to find the real cause of 
this peculiar phenomenon by means of the magnetic and Shore hardness, The 
explanation of the above phenomena is given in detail. 


ON THE TRANSFORMATIONS IN PURE IRON. By Kotaro Honda, 
Science Reports of Tohoku Imperial University, Series I, Vol. XIII, No. 4. 

During the past nine years, the author has discussed the nature of the 
\, transformation, and expressed the view that this transformation is not a 
hange of phase. Recent X-Ray analysis has also shown that there is no 
lange of phase below the A, point; therefore, the writer considers that this 
question of long dispute is completely answered. In this paper, Dr. Honda 
las also explained the nature of the A, transformation, showing that a dis- 
inet difference exists between the A, change and the ordinary change of 
phase, like the A, and A, transformations in iron. 


_ TEMPER-BRITTLENESS OF STEEL; SUSCEPTIBILITY TO 
'EMPER-BRITTLENESS IN RELATION TO CHEMICAL COMPOSITION. 
By R. H. Greaves and J. A. Jones, Woolwich. 

The above article was read before the annual meeting of the Iron and 
“teel Institute, May, 1925. The authors in previous papers have described 
‘ene of the phenomena of temper-brittleness occurring in nickel-chromium and 
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other steels. Although no explanation of temper-brittleness ha; 
arrived at, further work has been done on the subject and some 
practical conclusions regarding the composition and correct heat tres 
be drawn from the results. 


STRAIN DETECTION IN MILD STEEL BY SPECIAL | 
By J. Dudley Jevons, research student in the metallurgical departu 
University of Birmingham. 

This paper was read at the annual meeting of the [ron and Stee! 


May, 1925. Part I records the results of an investigation by the pr 

of factors which influence such etching processes, while in Part II, x 

etch figures obtained by the practical application of such a process 

scribed. a 


TYPICAL STATIC AND FATIGUE TESTS ON STEEL AT ELE 
VATED TEMPERATURES. By T. McLean Jasper, special research assistgy; 
professor of engineering materials, University of Illinois. 

This paper was presented at the annual meeting of the American Society 
for Testing Materials, Atlantic City, June, 1925, and gives results of invest; — 
gations which were carried out for the purpose of obtaining a better know! at 
edge of some of the factors governing the static and fatigue properties o i 
wrought ferrous metals. The sustaining effect of alloying materials on the 
strength of wrought ferrous metals at elevated temperatures is also indi 
cated. 

















PRINCIPLES OF METALLURGY OF FERROUS METALS FOR 


41 

MECHANCIAL ENGINEERS. By Leon Cammen, associate editor, ba 
Mechanical Engineering, Vol. 47, No. 5, 1925, page 339. This 
The above is the first of a series of articles discussing the underlying a“ 
physical and chemical processes involved in the metallurgy of iron and steel, the pa 
and dealing praticularly with the Physico-Chemical Properties of lron Alloys sh eal 
In the June issue of Mechanical Engineering was printed the second article ll 

of the series, discussing the crystalline structure of ferrous metals; while When th 
the July issue, appears the third part of the series, which discusses the determ mn 
nation of the properties of metals. ion subs 


of metal. 
‘‘DIRTY STEEL’’ UNDER THE MICROSCOPE. By G. F. Comstock, preferab! 
metallurgist, Niagara Falls, N. Y., in Iron Age, Vol. 115, No. 17, 1925, page potassiun 
1185 metal is 
This article discusses the precautions necessary in preparing and judging y RSS 


° . . . anaing ade 
the specimens, and states that rusting, pitting and scratches are misleading 
prevent « 


of te npe 


SURFACE CRACKS IN ROLLING STEEL. By H. D. Hibbard, com that the 
sulting engineer, Plainfield, N. J., in Iron Age, June 25, 1925, page 1837. sudden «| 

The above describes nine varieties of surface cracks originating in ing0's occluded 
and gives the causes of the kind of cracks known as ‘‘snakes’’ and how contents 
overcome them. The effect of the quality of steel is also discussed provemey 
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REVIEWS OF RECENT PATENTS 


Reviews of Recent Patents 
By 
NELSON LITTELL, Patent Attorney 


110 E. 42nd St., New York City 
Member of A. S. S. T. 


suugh the courtesy of Nelson Littell, we have secured an addi- 

ibrary service for members of the A. 8S. S. T. This service 

the selecting and supplying of copies of current patents, on 
subjects, as they are issued by the Patent Office. 

Nelson will review the Official Gazette each week, selecting those 
pitents on subjeets desired by individual subscribers, and order 
eparate copies mailed directly to them from the U. 8S. Patent Office. 

bers may specify the field of patents in which they would be 

d in receiving current information on, or they may supply a 

their products and manufacturing processes whereby Mr. Nelson 
idge as to what patents would be of interest to them. 
‘he cost for this service is $10.00 per year, plus 10 cents per copy 
ch copy of a patent furnished. 


1,541,745, Manufacture of Steel, Charles Cumings, of Chicago, Illinois, 
assignor to Commercial Steel Company, a corporation of Illinois. 

This patent describes a method of treating a bath of steel immediately 
prior to pouring, for improving the physical properties thereof. According 
to the patent, the invention is believed to be applicable to the production of 
steel and steel alloys of any chemical analysis, and the practice of the in- 
veution does not substantially change the analysis of the alloy to be poured. 
When the bath is ready for tapping, a quantity of ore, such as tungsten 
concentrates or chromium ore is added. The bath is poled until the ebulli- 
tion subsides. The ore is added in quantities of about 40 pounds to the ton 
of metal. When the bath becomes quiet, an explosive mixture comprising 
preterably from 2 to 4 pounds of pulverized charcoal, 4 ounces of powdered 
potassium chlorate and about 8 ounces of barium dioxide per ton of molten 
metal is added to the bath, and the bath is permitted to stand for about 
) minutes to permit the action to subside, after which it is poured into the 

ie. ‘The inventor believes that the tungsten and chromium ores added, 
prevent oxidation of the carbon content of the metal under the sudden rise 
ot temperature resulting from the combustion of the explosive mixture, and 


that the explosive mixture produces a violent agitation accompanied by a 


Sudden shock and by a substantial rise in temperature, which permits the 


es to rise to the slag. No appreciable chemical change in the 
the bath is effected by this treatment, although a decided im- 
provement in the physical properties of the metal results. 
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1,542,043, Apparatus for Handling Rails, William T. Drake. 9; Harris. 
burg, Pennsylvania, assignor to Bethlehem Steel Company, of Beth)q,,, 
Pennsylvania, a corporation of Pennsylvania. 

This patent describes an apparatus for handling rails f, 


lehem 


according to the Sandberg process. The apparaius comprises 





which the rails are received, a shaft 31 extending parallel to th: 
the bed and provided with arms 30 and cables 36 and 37, secur 
38 and 39 for rotating the shaft 31 and the arms 32. In the op 


32 
the device, the arms are moved in a clockwise direction to bri 

33 thereof beneath the rail and to lift the rail and force the hea 
into the slot 21 beneath the pipe 17 
openings 18 and 19, so as to force a jet of air against the rail h 
the 


, which conveys compressed a 


same, 


1,542,232 and 1,542,233, Alloy, Pierre Girin, of Paris, France, assignor 
to Societe Anonyme de Commentry, Fourchambault and Decazeville, of 
Paris, France. 





These patents describe the commercial manufacture of alloys 
of resisting corrosion, high temperature, ete., and particularly adapt 
use in steam turbines blades, valves, steam cocks, gun barrels, ete 

The alloy of the first patent comprises, nickel, 25 to 40 per « 
metal of the chromium group, 8 to 15 per cent, manganese, 0.5 to 5 per 
earbon, 0.3 to 1 per cent, and the remainder iron. The alloys of the s 
patent comprise, nickel, 20 to 40 per cent, chromium, 10 to 15 per 
manganese, 1 to 5 per cent, carbon, 0.2 to 1 per cent, and the remainde! 

1,542,541, Pickling Steel Sheets, John Thomas Hay, of Canton, Olu, 
assignor to United Alloy Steel Corporation, of New York, N. Y., a corp0r 
tion of New York. 

This invention proposes to provide a method of pickling chrom! 
steel sheets or tubes, for the purpose of providing a stainless and subst! 
tially rustless surface thereon. The sheets are preferably subjected ' 
preliminary annealing operation, which comprises heating the sheets ! 
oxidizing atmosphere and then pickling in a solution includin; sulphur! 
and hydrochloric acid, in the proportion of 5 per cent sulphuric acid an’- 
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Harris. _.ent hvdroehlorie acid, after which the sheets are thoroughly washed and 
thlehen ‘hon immersed in a 10 per cent hydrochloric acid solution, and heated to 
’ degrees Fahr. for a period of about 10 minutes. The sheets are 
and the process is completed by subjecting the surface of the 

commercial solution of nitric acid heated to about 70 degrees 

period of 15 minutes. This method produces a chromium steel 


«a bright, silvery surface, which is stainless and substantially 


1.542,598, Means for Plugging Crucibles, Edward F. Begtrup, of Jersey 
City, New Jersey, assignor to Metal and Thermit Corporation, of Chrome, 
New Jersey, a corporation of New Jersey. 


[his patent relates to a method of plugging crucibles, used particularly 


the handling of hot steel produced by the alumino-thermic process, 
rebvy, instead of a refractory mixture of sand or the like, which has 
fore been used to plug the hole in the crucible and which contami- 
tes the molten steel, the inventor provides the crucible 8, containing the 
>», assignor metal 6 with a pin 1, which fits into the hole 2 in the bottom of the crucible, 
zeville, of nda disk 4, both of a metal of similar composition to that of the steel, 
above the disk 4, a bedy 7 of sub-divided metallic particles which, 
mixed with the steel, are of such a composition as to not contaminate 
Prior to the tapping, the hot steel will melt the top portion of 

7, but as it penetrates into the finely-divided metallic parts, such 
unchings or stampings composing the body, the steel will become chilled, 
this plugging will hold the metal for some time. When it is desired to 
cible, the pin 1 is driven sharply upward, which breaks up the 

/ and elevates the disk 4, permitting the molten steel to run out of 
ible 8. The portions of the body 7 which are washed into the mold 


iton, Ohio, ‘rare carried along with the hot steel are quickly melted and commingled 
a corpors Witt 


1 
+} 


the steel, but do not change its chemical properties. 


1,543,237, Process for Improving the Physical Properties of Electro- 
lytically Deposited Copper Sheets, Shinge Sonoda, of Kyoto, Japan. 


This ten 


t relates to a process of treating electrolytically deposited 
s, which improves their physical properties and permits the use 
tie sheets, where heretofore cast and rolled sheets have been 

‘ necessary. The process comprises annealing the electrolytically 
ted sheets ata temperature of from 570 to 1470 degrees Fahr. (300 to 


Pat 
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800 degrees Cent.) for about 5 or more minutes, rolling the she; 
cumferential speed of not more than 450 feet per minute, and | 
dilute sulphuric acid. As each rolling step must be moderate to a\ 
ing the edges of the plate, this process is repeated with a slight 
in thickness at each rolling, until a plate of the desired thick, 
duced, which has all the properties of a cast and rolled plate, a, 
tion the advantage of increased purity and freedom from blow 
the like, which is inherent in an electrolytically deposited shee: 


1,543,905, Lined Crucible, Monroe §. Clawson, of Upper Montclair, Ney 
Jersey. 

This patent describes a resistor or crucible for electric furn 
like, which is lined with refractory material. The body 10 of t! 
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is formed with a cavity 11, in which the refractory lining is inserted 
slabs 12, 15 and 18, the slabs having bevelled edges, as indicated at 
and 16, to cause an interlocking of the same and to prevent displacement 


1,544,506, Metal-Pickling Process, John B. Tytus, of Middletown, Ohio, 


assignor to the American Rolling Mill Company, of Middletown, Ohio, a 
corporation of Ohio. 


SSSSoon 


. 
~ 
= 

= J — 

Md hh hddddddddahhdddddiacidhdadddiducidddddededaadda 


SSL A Pe 
ri 


S 
s 
. 


This patent relates to a process of pickling sheet steel, whic! omprises 
trimming the sides of the sheets, but not trimming the ends 2 « 
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e uneven, curved edges of the sheets together as at 6 to form a 
strip 9, which is passed between the rollers 15 and 17, through 
7 in the direction indicated by the arrows, while the treatment 
introduced through the pipe 10 is passed in a counter current 
he compartments of the tank 7 by the pipes 11, 12 and 14. By 
he ends of the sheets together, in this way they may be continu. 
kled without individual handling, and when the treatment is com- 

welded portions may be cut away along the lines 4 and 5, with- 
g a waste of the metal of the sheet because the portions 4 and 5 
ve to be trimmed away in the usual method of manufacturing 


wn, Ohio, 
Ohio, a 
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News of the Chapters 


STANDING OF THE CHAPTERS 


N the July issue of TRANSACTIONS appeared a relative membershi 
of the 29 chapters of the Society as of May 1, 1925, and 
1925. The appears 


standing of the chapters on June 1 


as of 


tabulation which shows - the 


, 1925, and July 1, 1925. 

It will be noted that there is no change in the relative posit 
ehapters in Group I and Group II, while in Group III there has be 
rearrangement of the chapter comprising this list. 


below relative 


Standing as of July 1 


GROUP I 
Detroit (360) 
2. Cleveland (314) 
3. Pittsburgh (292) 
. Chicago (265) 
Philadelphia (260) 
(223) 
7. New York (203) 


). Boston 


I 
!. Detroit (331) 
. Cleveland (305) 
3. Pittsburgh (284) 
. Chieago (267) 
Philadelphia (263) 
». Boston (224) 
7. New York (206) 


GROUP II 
1. Hartford (126) 
2. Lehigh Valley (98) 
3. Golden Gate (93) 
4. Cincinnati (76) 
. Syracuse 
Milwaukee 
7. St. Louis 
. Indianapolis 
Buffalo 
. Northwest 


Standing as of June 1 


I] 
Hartford (126) 
Lehigh Valley (101) 
3. Golden Gate (96) 
4. Cineinnati (78) 
5. Syracuse (73) 
Milwaukee . 
. St. Louis 
8. Indianapolis 
9. Buffalo 
. Northwest 
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The News of the Chapters section of TRANSACTIONS is unusual! 


this issue, but is due to the fact that practically all of the chapters 
hold meetings during the months of June, July, August and Septembe! 





NEWS OF THE CHAPTERS 
GOLDEN GATE CHAPTER 


uly meeting of the Golden Gate chapter held on the 18th at the Hotel 
n, Berkeley. Notwithstanding the summer vacation, the meeting 
ttended—there being at least fifty present, and a most interesting 
as the result. 


first speaker of the evening was W. J. MacKenzie, Metallurgist of 


rstate lron & Steel Company, Chicago, who talked on the subject of 
Manufacture of Alloy Steel.’’ This was accompanied by motion 
vraphieally illustrating his remarks. 


second speaker of the evening was H. E. Morse, Consulting Metal- 


of San Francisco, whose subject—‘‘ Temperature Measurements’ 
our series on Steel. 


Was 
His talk was also illustrated, in this case by 
de especially for the event. 
meeting closed with a vote of thanks for their very interesting and 
iting remarks. 


D. Hanson Grubb. 


LOS ANGELES CHAPTER 
he regular meeting of the Los Angeles chapter was held July 1, 1925 
e plant of Joseph Knapp, furnace engineer, located at the Central Manu 
turing District, Los Angeles. 


, ; 


Prior to the meeting dinner was served in 
ib rooms of the district administration building to forty of the members 
Directly after the dinner the members assembled in Mr. Knapp’s 
t and chairman Stiles introduced the speakers of the evening, H. S. Brown 
the Jamison Steel Company, and James H. Spade of the Ludlum Steel 
mpany 
(hrough the courtesy of Mr. Knapp heat treating furnaces were in opera 
lhe subject for the evening was, ‘‘ Heat Treatment of Small Tools,’’ so 


Brown heat treated several tools the members had brought 


itlon, 


for demon 


Pollowing this demonstration Mr. Spade spoke to the members on the heat 


treatment of difficult pieces and a general discussion followed. 


Numerous 
‘Shop Kinks’? 


were discussed and this very interesting meeting adjourned 
it ll P. M. and even at that late hour the members present were very reluctant 


ieave 


Black ° 
LEHIGH VALLEY CHAPTER 


a 


Koy H. Christ, metallographist of the Bethlehem Plant of the Bethlehem 
Company, died on Monday, July 6, 1925, as a result of appendicitis. He 
a8 born in Coopersburg, Pennsylvania, on December 28, 1893, and after com- 


peting his elementary education entered Moravian College at Bethlehem, 
Pennsylvania, and upon his graduation from this institution he enrolled at 


Stee 


ueligh University, Bethlehem, Pennsylvania, where he specialized in metallurgy. 


Unor 


' completion of his college course he became associated with the Bethlehem 
*} Company in 1916, and in 1918 was appointed metallographist. 


\te 
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Mr. Christ was highly regarded by his employers and well and 
known throughout the specialty steel industry in the east. He too! 
interest in the national engineering societies, and at the time of 
was secretary and treasurer of the Lehigh Valley Chapter of th 
Society for Steel Treating. 
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\DDRESSES OF NEW > MEMBERS OF THE AMERICAN SOCIETY FOR 
STEEL TREATING 

EXPLANA} ION OF ABBREVIATIONS. M represents Member; A represents Associate Member ; 


Sustaining Member; J represents Junior Member; and Sb represents Subscribing 
the figure following the lettcr shows the month in which the membership became 


NEW MEMBERS 


’., (8-7), vice-president and works manager, Curtis & Co. Mfg. 
mail 1502 Kienlen Ave., St. Louis. 
K., (M-6), 2009 Germantown Ave., Philadelphia. 
Hroror, (M-7), metallurgist, saw department, R. Roe & C 


0.; mail 
118 West 99th St., New York City. 


H. J., (A-7), industrial heating specialist, General Electric 
eland; mail 1207 Edward St., Lakewood, Ohio. 


J., (M-7), chemist, General Motors Corp.; mail 2919 East Grand 
Detroit. 
J: Se 


Co., 


- 


‘a; mail 225 Amber St., Pittsburgh. 


J. A., (M-5), heat treating department, Maxwell Motor Corp.; 
mail 537 Harmon Ave., Detroit. 


(M-7), assistant metallurgist, Crucible Steel Company of 


\ 


(A-4), district manager, Celite Products Co., 316 Bulletin Bldg., 
Philadelphia. 


\wrorp, R. B., (M-6), metallurgist, Atlas Foundry Co., Detroit. 


CH 


EY, J. E., (M-6), gear superintendent, Timken Detroit Axle C 


2.3 
wil 368 Dragon Ave., Detroit. 


T. A., (M-6), stock record keeper, Hawkridge Bros. Co., 303 Congress 
Boston, 
J 


. E., dr., (M-7), chemist, Eberhard Mfg. Co., Cleveland. 
, (M-4), purehasing agent, Sharples Separator Co., West Chester, 


Haun, C. C., (M-7), general manager, Cedar Rapids Engineering Co., Cedar 
Rapids, Iowa. 


HAYDEN, L. W., (A-6), district manager, Hevi Duty Electric’ Co., 25 Church 


St., New York City. 


Kirk, Rk. M., (8-7), representative, Genera] Alloys Co., Room 411 -26 Cort- 
landt St., New York City. 


rH, E. C., (Jr-5), student, Case School of Applied Science; mail 501 East 


126th St., Cleveland. 


I 


x, WELLAZE, (M-6), tool and die hardener, A. C. Spark Plug Co.; mail 

1369 Poplar St., Flint, Mich. 

LascH, H. H., (Jr-5), student, Case School of Applied Science; mail 1465 
East 65th St. Cleveland. 


H. M., (M-3), pyrometer department, Studebaker Corp., Detroit; mail 
Trenton, Mich. 


K., (M-7), foreman, tool department, 
rio, Calif. 


H., (M-8), manager, Ames Shovel & Tool Co., Cheltenham, Pa. 


idison Electric Appliance, 
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LutTtrs, F. C., (M-6), metallurgist, Michigan Alkali Co 


.; mail 107 


Wyandotte, Mich. 

Maurer, Dr. Ing. Ed., (M-6), Fried. Krupp, A. G., Kaiserstrasse Fee 
Ruhr, Germany. 

Monrok, C. H., (M-5), metallurgist, Detroit Testing Laboratory, Det 
1155 Palmer Park blvd., Highland Park, Mich. 

Mupeg, J. B., (M-7), metallurgical engineer, Western Electric Co. 1" 
West Erie St., Chicago. 

Neepor, P. M., (M-5), laboratory metallurgist, Cadillae Motor Ca: 
3333 Trumbull Ave., Detroit. 

PERKINS, W. A., (M-7), Compagnie Internationale des Machines 
Croix-Wasquehal, (Nord), France. 

RAYNER, Harry, (M-4), foundry metallurgist, Dodge Bros.; 
Virginia Park, Detroit. 

RoBerts, A. L., (M-6), chemist and physicist, Sentinel Wagon Wo) 
mail 4 Victoria St., Shrewsbury, England. 

SCHIMMEL, H. G., (Jr-6), student, University of Pittsburgh; mail } Bogg 
Ave., Pittsburgh. 

ScHMIpT, Dr. EDWARD, (M-7), engineer, Skoda Works, Czechosloval 
Skoda Works, 50 Church Street, Room 1359, New York City. 

SEARLES, G. L., (M-6), chemist, Hudson Motor Car Co.; mail 511 Lakey 
Blvd., Detroit. 

SuLLIVAN, D., (M-8), heat treating foreman, Cleveland City Forge & 
Co.; mail 1956 East 83rd St., Cleveland. 

THoms, Louis, (M-7), assistant chief engineer, Graham Brothers, 
Ind. 

VENTER, H. C., (M-6), general foreman, South Pacific Co., Sacrament 

Watson, H. H., (Jr-6), student, University of Pittsburgh; mail 600 Georg 
Ave., Mt. Oliver Station, Pittsburgh, Pa. 

WHITING, H. H., (M-7), president and general manager, Best Ste¢ g 
Co., Oakland, Calif.; mail 1405 Hobart Bldg., San Francisco. 

WituiaMs, J. P., Jr., (A-7), president, Detroit Edge Tool Works, 3000 East 


Woodbridge St., Detroit. 


Wise, C. E., (A-6), sales department, Wm. Swindell & Bros., 2133 Ge 
Motors Bldg., Detroit. 





ITEMS OF INTEREST 


Items of Interest 


—<—<$<$<—<$——— 

\RRY D. MeKinney has been elected second vice-president and general sales 
manager of the Driver-Harris Company located in Harrison, New Jersey. 
\ir. MeKinney came to the Driver-Harris Company in 1918 as district sales 
ver of the New England territory, in which position he served until 1920 
e was transferred to the Chicago sales office as manager. 
rior to going with the Driver-Harris Company, Mr. McKinney was asso 
vith the Westinghouse Electric and Manufacturing Company in various 
‘ties in both the shop and sales department, where he handled a number of 
applications including air compressors, machine tools, and similar 

iiations. 
His technical training and experience in the electrical field in general 
wether with his knowledge of the alloy wire and casting fields, equips him to 
of great service to the industry at large and particularly to the Driver 


Harris Company ’s customers. 


R. E. Kerslake, member A. 8. 8. T., has recently been promoted to the 
osition of assistant metallurgist for the Cleveland Steel Products Company, 


eland, 


Republic Flow Meters Co., Chicago, announces the opening of a new 
lant branch office in Buffalo at 535 Bramson building, in charge of W. W. 
Barron, formerly of the Chicago office. 


Dr. Wheeler P. Davey, of the research laboratory, General Electric Co., 
liver a series of lectures on ‘‘ Crystal Structure and Its Applications’’ at 
the summer session of the graduate school in the physics department of the 
University of Michigan. Laboratory work will include the use of a General 
Klectrie crystallographic equipment, by which crystal structure is determined 
trough X-ray analysis. Dr. Davey conducted a course in this work at the 


iduate school of Pennsylvania State College last summer. 


Leeds & Northrup Co., Philadelphia, have recently published a new edition 


’ 


t their catalog 87, entitled ‘‘ Potentiometer Pyrometers,’’ which describes 


detail these instruments. 


Howard Seott, formerly physicist with the Bureau of Standards, has 
ently. joined the research staff of the Westinghouse Electric and Manufac 
nig Co., Kast Pittsburgh. 


Un Mareh first, W. M. Smith took up his duties as New York manager 
the General Furnace Company of Philadelphia, offices being at 50 Church 


Mr. Smith was formerly with the Calorizing Company. 


J. Kent Smith, member A. 8. 8. i, who returned to the United States a 
ks ago after many -vears’ residence in Sheffield, England, has estab- 
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lished a metallurgical consulting office in Detroit, his address 
Jefferson Avenue, E. Detroit. One of his recent undertakings is in 
with molybdenum and molybdenum steel. 











Wm. T. Bate & Son, Inc., Conshohocken, Pa., established origi: 
60 years ago, has abandoned the business of manufacturing boilers 
is specializing in the production of iron and steel castings. Its old 
being devoted to the production of gray iron castings, and it has eq 
old Hummel Steel Casting Co. foundry, which it bought in May, fi 
duction of electric steel castings. The company is doing a jobbin 
in gray iron, semisteel, steel and alloy castings. Originally known as \Vp 
Bate & Son, two years ago the name was changed to Richard H. ;3 
Early this year it was incorporated under its original title. E. Le 
formerly of Gibbs Mfg. Co., Canton, O., is president. T. Holland 
formerly in the production department of Henry Disston & Sons, | Phila 
delphia, and now consultant to the United Alloy Steel Corp., Canton, and ¢; 
Ludlum Steel Co., Watervliet, N. Y., is vice-president. A. E. Maskrey 
of the Cyclops Steel Co., Titusville, Pa.; is general superintendent. 
pany is preparing to expand its output to include stainless steel casting 
addition to its foundries, the company operates a plumbing supply and jobbi: 
business. 
















Lormerty 


The Republic Flow Meters Company of Chicago are publishing and will 
distribute pamphlets on a series of articles on ‘‘Steel Treatment,’’ written by 
Professor H. M. Boylston of Case School of Applied Science. The tentativ: 
outline of the series is as follows: Article 1—The Reasons for Heat Treat 
ment; 2 and 3—The Composition and Structure of Iron and Steel; 4—Anneal 
ing and Normalizing; 5 —Hardening and Tempering; 6 —Special Heat 
Treatments; 7—Carburizing and Case Hardening; 8—Heat Treatment 0! 
Forgings; 9—Heat Treatment of Alloy Steels; 10—Heat Treatment of Ste 
Castings; 11 and 12—Heat Treatment of Cast Iron. 

Copies of these pamphlets may be obtained by addressing the Repu! 
Flow Meters Co., 2235 Diversey Parkway, Chicago. 
























A pneumatic turbine drive brush for the use in cleaning castings lias bee! 
developed by the Standard Turbine Corporation, New York, which on accou 
of its light weight and consequent ease of handling is ideal for this purpos 
The turbine consists of a wheel operating at a speed at 12,000 r. p. 1 


mounted on ball bearings and geared to the low speed shaft driving the wire 


brush. 

The low speed shaft is laid in a long sleeve bearing and arranged als 
with a ball thrust bearing to take up any thrust imposed in applying t 
brush. The air is admitted to the turbine wheel by means of a valve 0} erated 


by a trigger. The turbine wheel itself consists of a small steel forginy tes'*’ 


(Continued on Page 34 Adv. Sec.) 
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ADVERTISING SECTION 


EMPLOYMENT SERVICE BUREAU 


[he employment service bureau is for all members of the Society. If you 

position, your want ad will be printed at a charge of 50c each insertion in 

‘ecyes of the Transactions. 

Thi service is also for employers, whether you are members of the Society or 

if you will notify this department of the position you have open, your ad 
lished at 50c per insertion in two issues of the Transactions. Fee must 


sa mpa copy. 





Important Notice 


In addressing answers to advertisements on these pages, a stamped envelope 
sontaining your letter should be sent to AMERICAN SOCIETY FOR STEEL 
TREATING, 4600 Prospect Ave., Cleveland, O. It will be forwarded to the proper 
It is necessary that letters should contain stamps for forwarding. 


jestinat1on. 







POSITIONS WANTED POSITIONS WANTED 









XPERIENCED METALLOGRAPHIST desires posi- GRADUATE ENGINEER, Tech. ’24, one year uni- 
| | practical experience in heat treating, versity teaching experience, desires connection with 
tallurgical research work. Technical firm or laboratory in metallography, heat-treatment 
hanical engineering. Best of refer- or testing materials. Graduated in mechanical engi- 
ces, Address 8-5 neering but took special courses along above lines. 
Experienced in laboratory methods. Can talk and 
write French and German. Address 7-35. 
















HEMIST with 8 and one-half years’ experience in 
ee] works laboratory on miscellaneous work desires 


Address 7-5 


POSITIONS OPEN 










INDUSTRIAL LABORATORY has opening for a 
chemist and metallographist. It is believed that the 
right man can develop the metallographic work to 
the point where it will require his entire time, but 
at present he will be expected to handle analytical 
work in addition. Please give full information as to 
experience, references, etc., in replying. Address 8-1. 


FTALLURGIST of 16 years’ experience in develop- 
went work and investigations in alloy steels desires 
tion. Some few years’ training in sales and 

Available at once. Would be in- 

r sales work or laboratory executive. 







WANTED—In Chicago, man experienced in metal- 
lurgy and heat treatment of dies. Address 7-20. 












ETALLURGIST AND HEAT TREATER desirous of 







banging positions. Has had 7 years’ practical ex- 

nence as a hardener and at present time, supervisor a 

heat treating department. Has thorough knowl- 

g: of metallography, also experience in performing 

alysis In non-ferrous and ferrous alloys, Remuner- WANTED 
ion nominal 1 best of references. Address 7-25. 


WANTED: Used Rockwell Hardness Testing Machine, 
Model 2% A. Address 8-10. 













‘KADUATE OF METALLURGY desires 
Graduate of Case School of Applied Science 
Has | training in metallography. Can WANTED—One No. 2 Carbonizing machine, Ameri- 
nish excel] references. Cleveland district pre- can Gas Furnace Company. Must be in good condi- 
tion. Address 7-15. 
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to a maximum speed of 100,000 r. p. m. 
the grease connections being arranged for the alemite system. ‘| 
is through the center of the low speed shaft, assisting in keeping 


clean. 


The standing torque of the motor is greater for equivalent ai: 
tion than any reciprocating motor. 
such as to be less than one-third of the tested safe speed of the w 

This air turbine motor has an all aluminum casing and its to 
is 9% pounds without the brush, about 11 pounds with the brush, makiy 
by far the lightest motor on the market with its power. The moi 
from: objectional vibration such as is always present in any type of ~ 


ing motor. 


Bureau both in the Washington, D. C., office and the various field stati 


and offices. 


gas operations on leased public lands and superintendent of the Pet 
Experiment Station at Bartlesville, Oklahoma. 

S. P. Kinney, assistant metallurgical chemist, with headquarters at Pitts 
burgh, Pa., has been designated as supervising metallurgist of the Burea 


of Mines. 


ferrous metallurgical work both at the Pittsburgh Station and at the other 
experiment or field stations where ferrous metallurgical work is conduct 
All members of the metallurgical staff of the Bureau have been inst: 


to bring to 


C. E. Sims, electrometallurgist, has been designated as chief of 


metallurgical 


metallurgical work conducted at that station. 

E. D. Gardner, mining and explosives engineer, will, effective August 
serve as acting superintendent of the Southwest Experiment Station ot 
Bureau of Mines, Tucson, Arizona. 


H. B. Northrup, formerly metallurgist of the Diamond Chain & Mi, 
Company, Indianapolis, has become associated with the J. W. Kelley | 
pany of Cleveland, consulting metallurgists. 
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H. H. Hill, chief petroleum engineer, has been placed in charg 
Petroleum Division of the Bureau of Mines, Department of Commerc 
will have supervision petroleum investigations conducted by 
Mr. Hill has served as assistant chief petroleum enginee 
the past two years, and previous to this service was supervisor of 


have technical supervision of the Burea 


attention any matters pertaining to fer 
metallurgy which in their opinion may be of interest to the Bureau of M 
Mr. Kinney has for some time been engaged in the study of problems affecti 
the technology of blast-furnace practice. 


Pittsburgh, Pa., experiment station ot 
Bureau of Mines, and in this capacity will have technical supervision of 


The Dempsey Furnace Company, Jersey City, N. J., has been consolidate 
with the W. N. Best Corporation, 11 Broadway, New York City. ‘The com 
bined furnace business of the two companies will be operated as the Dempse) 
Furnace Division of the W. N. Best Corporation, wrder the persona! directio! 


of H. B. Dempsey. increased facilities of manufacture and & mor 


(Continued on Page 36 Adv. Sec.) 
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THE F. & F. OPTICAL PYROMETER 


( Fisher & Foote ) 


\ Direct Reading Optical Pyrometer for Measuring Temperatures 
from 1,600° to 4,000° F. 


ACCURATE — SIMPLE — RUGGED 












in observing heat treating temperatures with the F. & F. Optical Pyrometer 
the temperature of the object itself is measured and not that of the furnace.) 
















Advantages of the F. & F. Optical Pyrometer 


lhe temperature is read directly from the instrument without referring 
to any tables. 

2, Small objects can be observed. 
The temperature of molten materials and heated objects may be 
measured in all stages of operation: such as in the furnace, pouring, 
rolling, heat treating, forging, ete. 
Readings are not dependent upon delicate electrical measuring instru- 
ments. 
Lamp burns at low temperature, has a long life and can be replaced for 


$500. 





There is no deterioration; the pyrometer does not come in contact with 
the heated object, nor is there any delay incident to heating any portion 
of the instrument. 


Price, complete — $175.00 


Designed and Manufactured by 


SCIENTIBIC MATERIALS COMPANY — 


r &verything for the Laboratory 7 
PITTSBURGH, PA | 
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complete line of industrial furnaces, the Dempsey Furnace Divi 
W. N. Best Corporation is prepared to speedily serve the requiren 
dustrial furnace users with furnaces of the highest standard of 
construction. 


A new recording pyrometer which combines with highest accu: 
bination of unusually desirable features, has been developed durin; 
five years by the research department of the Brown Instrument 
Philadelphia, Pa. 

This company has been making pyrometers for sixty-five yea 
history shows continuous development and improvement of scient 
ments. 

Many features in the recording pyrometer just developed ar 
new and patents have been applied for covering these improvement 
which are listed below. 

The new Brown Recorder has a die-cast black enameled alun 
The dimensions are 15” high, 14” wide and 9” deep, requiring : 
amount of wall space considering the unusually wide 7” chart. 

The instrument is built to make a single record, a duplex record 
records side by side, or in multiple form produces as many as 12 reco: 
chart. 

It operates on the frictionless principle in which a pointer swings fre 
and at intervals of every thirty seconds is depressed on a carbon or inked 
ribbon producing a mark on the chart. These marks are so close tog 
to form a continuous line. The marking ribbon and chart last two mont 
before renewal is required and no inking is necessary. 

The marking ribbon is above the paper so that the mark is | 
the front side of the paper where it shows clearly. The marking ribbon in t 
single and duplex recorder after each mark on the chart is moved back 








































closing the last impression so that the record is clearly visible inn 
after it is produced. 

A platen is supplied on which notes can be recorded on the chart 
or pencil. 

A glass knife edge is furnished for tearing off the paper and is lo 
directly below the driving roll. The paper can be torn off two hours after 
the last impression is made. For example, a complete record for the prev! 
24 hours and ending 6:00 a. m. can be torn off about 8:00 a. m. 

The galvanometer and the recording chart mechanism is carried © 
hinged frame. When swung aside, the galvanometer is instantly access!' 
and when closed a housing protects the galvanometer. 

In addition to recording the temperature on the chart, an indicating § 
is provided with large figures legible at a considerable distance. The cha" 
has rectangular coordinates. The time lines are straight across the chart ant 
not curved as in other instruments. 

The recorder is driven by an electric clock if alternating current 1s av") 
able. The current consumed by this clock is only four watts. Six recorders 
only consume the current required by the common 25-Watt incandescent lam} 
The electric clock eliminates hand winding and no governor or other meats 
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HIGH 
GRADE 
TOOL 


and 


SPECIAL 
STEELS 


UR chemical, physical testing and metallurgical labor- 
atories are constantly testing our products—at every 
stage of manufacture from the cast ingot to the finished 
product. 


SIMONDS 


Saw and Steel Co. 


LOCKPORT, N. Y. 



















SIMONDS STEEL FURNISHED IN 
Bars - Sheets - Billets 
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is needed to secure accurate timing. Where alternating current is n 
able, a hand-wound clock can be supplied. 


The chart speed can readily be changed and is supplied for a n er of 


combinations. The standard chart speed is one inch per hour but by 1 


rsing 
two gears a speed of four inches per hour is obtainable. Speed com! tions 
are available from one-quarter inch per hour to six inches per hour. 

With a standard chart speed of one inch per hour, about 12 rs of 
chart is visible through the front of the case. 


The instrument as a pyrometer incorporates automatic cold juncti 
pensation including the Brown patented index for adjusting a 


com- 
compensated 
pyrometer to the correct initial starting point on open circuit. 

A re-roll attachment is furnished where desired to roll up the chart auto. 


matically over a long period of time. 


As a multiple recorder, this instrument incorporates an automatic switeh 


with gold contacts mounted on bakelite and immersed in oil, which prevents any 


possibility of tarnishing of the contacts from corrosive gases in the atmosphere, 

The multiple reeorder switch includes a dial with index for indicating 
the number of the theromocouple or furnace which is being recorded the 
time. The record lines are made in different color combinations on the chart 
and the switch dial is numbered and colored to correspond. 

The simplicity of this instrument is one of its most marked advantages, 
This is appreciated when it is considered that the instrument has no solenoids, 
no motors requiring governors for speed control, no hand winding where th 
electrie clock is used, no inking of pen and no frequent renewal of the chart 
which lasts two months. 

Undoubtedly this new recording instrument marks a radical step forward 
in the development of instruments for measuring temperatures, electricity, speed 
and gases. 


by the Danley Machine Specialties, Inc. This book, which really describes the 
Danly plant, takes up the various methods of procedure involved in the 
manufacture of Danley Devices. It starts out by describing the foundry and 


the unique methods of gating and pouring castings so that the cost per pound 


A 12-page bulletin upon the manufacture of die sets has just been issued 


is the same regardless of the size of casting. The various processes involved 
are described step by step. Each operation is fully described, as well as a 
number of especially interesting features that speed production and maintain 
aceuracy such as the use of two men and two fixtures by which the various 
machines are kept in service continually with one set-up. The production of 
leader pins and bushings and their heat treatment, and the method of lapping 
and assembly, as well as inspection and tests, are fully deseribed. This bul- 
letin will be of real interest to those concerned with machine shop methods, 
and particularly to those who now make their own die sets. The book is free 
from advertising. It is a concise, yet complete description of the te hnique 
for large-scale production with precisional accuracy. 


This catalog will be sent upon request of the Danly Machine Specialties, 
Inc., 4911 Lineoln Avenue, Chicago, or their Detroit or Long Island City offices. 
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